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(54) Toner and development unit and Image forming apparatus using the same 

(57) A toner comprising: a plurality of mother parti- 
cles 12; and^pluralrt^ *3 v , m 
to be attached to the mother particies 12, the external 
additive partjd^. 3$ ^ 
13 attach^,tp;the t nrw 

five partide^ ( T3i tibe^ed,^ p<ar1icles. 
wherein ^ G ^cjir^ ■■■>: s -.» 

additives/p^^$^ r^f^ij»rtWj^« jof an r , u 
approximation s^ v ■ < • 

distribution of partite #zes of the r external additives 
with respect to the particle sizes of the mother particles 
by a least-square method is not larger than 0.6. Also 
disclosed is an image forming apparatus using the 
toner. 
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Descripti n 

[0001] This invention relates to a toner and a development unit and an image forming apparatus using the same. 

t 1. Image forming apparatuses are constituted to use a toner to develop an electrostatic latent image formed on a 
latent-image carrier and transfer the developed image to a transfer member, such as paper, so that a transferred 
image of the exposed electrostatic latent image positioned on the latent-image carrier is obtained on the transfer 
member. 

Fig. 10 is a schematic view showing an intermediate transfer type full-color image forming apparatus as an 
io example of the conventional image forming apparatus. 

As shown in Fig. 10, the image forming apparatus 101 is constituted such that an image is exposed on a latent- 
image carrier (hereinafter sometimes called an "OPC") 102 so that an electrostatic latent image is formed. Moreo- 
ver, the electrostatic latent image on the OPC 102 is sequentially (the order of colors may be determined arbitrarily) 
developed by yellow, magenta, cyan and black development units 103, 104, 105 and 106 so as to be formed into a 
16 visible image. Then, color matching of the developed image on the OPC 102 is performed by a transferring unit 107, 
and then transferred to a transfer paper 108 which js one example of transfer members. Then, the transfer image 
is fixed by a fixing unit 109. As a result a required image is obtained on the transfer paper 108. 

After the developed image has been transferred to the transfer paper 1 08, residual toner T left on the OPC 102 
is removed by a cleaning blade 1 10 so as to be gathered into a residual toner box 1 1 1 . 
20 Toner T for use in the conventional imag^ forijiing apparatus 1 01 is described below. Toner T supplied from the 

toner supply members 103c. 104c, 105c and lQ6c pjf the development units and placed on the toner carriers ,103a, 
104a, 105a and 106a is, by.the tonerrregulating members 103b, 104b, 105b and 106b, formed into a uniform layer 
and uniformly electrified. Then, tonenT is rrioyed to the OPC 102. To reliably move toner J to the OPC 1 02 through 
spaces between the toner carriers 103a, 104a, 10^ and 106a and the toner blades 1 03b, 1 04b 1 05b ^hd J 06b, 
25 toner T must have satisfactory f luidrty and excellert electrification characteristic. Therefore- conventional toner T 
has a constitution that external additives 1.3 composed of silica (Si0 2 ) are allowed to adhere to the surfaces of 
mother particles 12 made of a resin as sliown in Fig. 1 1 to improve the fluidity and electrification characteristics. 

thereof. .i:r*Uotoyc^uc i i ftH^^U^^Cl^ia \>hl 

Toner T produced <such that.? the external; additives 13 are allowed to adhere to the rm)ther ; particles? 12^also 
30 includes the externaliadditivesnl 3; lib^at^ from the mother particles 12. The liberated external additives 13 are rel- 
atively hard as compared with the mother particles 12. When thejiberated external additives 13 contained in resid- 
ual toner T are removed by the cleaning blade 1 10, the liberated external additives 1 3 are fixed to a contact portion 
(a nip portion) 102a of the OPC 102 with the cleaning blade 1 10 as shown in Fig. 12 so that the external additives 
13 remain. As a result, so-called filming occurs. If filming occurs, an image having a satisfactory quality cannot be 
35 obtained. 

Therefore, a technique topprwentihg occurrence of 'filming has been suggested in Japanese Patent Publica- 
tion No. 7-99438 by reducing coagulation (aggregation) of the external additives 1 3 liberated from the mother par- 
ticles 12 of toner T for use in the image forming apparatus 1. ^ ;it, " n :mri&Kin&6 wsosi *•* 
According to the forefeihg di|Bl^ure, occurrence of the filming &Vthe&&^ 
40 additives 13 can be somewhat f&ticSd} " ^ -i^\U*h &lio> Mr&; >; 
The inventors of the present invention has variously studied abbtit flrrnih^ 
additives 13 allowed to adhere to the mother particles 12 of toner T al^c^ fix to the dVanir^ blad^-l 1 0 ^6 ( that ?f 
filming occurs. That i$, stress is repeatedly exerted on the external a^jtiv<£ 1^ 
particles 12 when &<^ntact ddvetopmentis performed in which the ad&r#e£W^ 
45 with the OPC 102 ; ^nd when a contaatransfer Is performed in which 

tact with the trahsf^fring unit 107 during the propess for developing ah : ^^ro6tatic^tM image on the;<DPC 102 
and the process for transferring a developed image on the OPC 102. As tf^Skilt^ the str^, the ^err^l additives 
13 are liberated frcjjrri thkmother particles 12. f i v * v ^' ' * V ' :J ' 

Even if coagulation (aggregation) of the external additives 1 3 liberated from the mother particles 12 in toner T 
so is reduced as disclosed in the foregoing disclosure, the external additives 1 3 liberated frorn the mother particles 12 
owning to the stress undesirably remain in the nip portion 102a of the OPC 102. Thus, external additives 13 are 
fixed to the nip portion 102a. Thus, filming occurs. 

If the external additives 13 in the form of the coagulation do not exist in toner T, existence of the liberated exter- 
nal additives 13 having a small particle size in a large amount causes secondary coagulation of the external addi- 
55 tives 13 to occur. The secondary coagulation is caused from electrostatic coagulation which occurs during contact 
development with the OPC 102 when the development process is performed and contact transfer with the transfer- 
ring unit 107. Stress of toner T which is exerted during the contact development with the OPC 102 is usually larger 
than stress in the development unit. The development unit for use in a high image quality development system is 
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generally arranged to rotate at different peripheral speed with respect to the OPC 102. Therefore, a fact has been 
detected that great stress is exerted on toner T and, thus, secondary coagulation of the external additives 1 3 easily 
occurs. 

As described above, the disclosed toner cannot prevent occurrence of coagulation caused from the secondary 
s coagulation of the external additives 13 liberated from the mother particles 12 in toner T. Therefore, occurrence of 
filming cannot satisfactorily and effectively be prevented. 

In addition, there is a concern that the external additives are liberated from the mother particles when stress is 
repeatedly exerted on toner during contact development and contact transfer. Therefore, the lifetime of toner is lim- 
ited. That is, elongation of the lifetime of toner cannot be expected. 
10 2. Fig. 20 is a schematic view showing an intermediate transfer type full-color image forming apparatus as an 
example of the conventional image forming apparatus. 

As shown in Fig. 20, the image forming apparatus 201 is constituted such that an image is exposed on to a 
latent-image carrier (hereinafter sometimes called an "OPC") 202 so that an electrostatic latent image is formed. 
Moreover, the electrostatic latent image on the OPC 202 is sequentially (the order of colors may be determined 
75 arbitrarily) developed by yellow, magenta, cyan and black development units 203, 204, 205 and 206 so as to be 
formed into a visible image. Then, color matching of the developed image on the OPC 202 is performed by a trans- 
ferring unit 207, and then transferred to transfer paper 208 which is one of transfer members. Then, the transfer 
image is fixed by a fixing unit 209. As a result, a required image is obtained on the transfer paper 208. 

After the developed image is transferred to the transfer paper 208, residual toner T left on the OPC 202 is 
20 removed by a cleaning blade 210 so as to be gathered in a residual toner box 21 1 . 

Tbnfer T for use! in the coh^entidnal image for ming apparatus 201 is described below. Toner T supplied from the 
toner su^y rrlembers 203c, 204c; 205c and 206c of the development lihits arid plabed on the tonier carriers 203a. 
204a, 205a and 206a is, by fbri^-r^ulating niters 203b; 204b, 205b and 206b, form ed into a uniform layer and 
uniformly eldctrifikJ: Then, toner T i£ waved to the OPC 202. To f 6liaW/ itidvfe to the'OPC 202 through 

25 spaces beiweeh the toner carriers 203a, 204S ? 205a and 206a and the toner bladds 203b; 204b; 205b anid^06b, 
toner T must have satisfactory fluidify and excellent electrification charaderiifficrT^ 
has a c^stifutibn thai ©rterhala^^ 

mother ^icteSM2 v n^e 6f arfesir^as^hdwrt y" 

thereof ***■ '^.Krixi-'^ $ m \? H- * v.m'**$ '?. '-.s^w* x> :\$ t y •••>t:'-.s.i.i.^"». * v; 4 ;k>^?#;>;> ^."t^vijN*^? ■» iojojjwl.'^^*, 1 •• r • 

30 Torter T &h^i3^ 

ticsassfiSwrtlhf^ ^ 
ing memti^20^fte 
compared w^^^ 

T which smc^fy adhered thfedctferto^ 
35 an intorfafc#b^¥&ife^ the fixing iinif 20#^ 

the trar&iffSM 

and toner T on the transfer paper 208 is c^iderabi^^^ 1 
tonerT$rVitfM m-.mw ??A 

K toner totfi^ >f! * 
40 external ISXSmm. ^sCifc^tahtially Wexterr&l 3 exKts at ttep?interfec» Betweeh^thfe heatirtg Wfember ' 

209a arkmfigrVfbHffi^ 

membfer 20&a aryibner r T ohWe tten&e^^ bftbher Tours' 

as shd^W^r^H'^cfelt fbllSwIs ftffitttffl^ 

45 arranged sucfrtHstfsj^^^^ ' 
image^iH^ " ' 1 - ( 

Toner di^^^ a^ described abdve causes the specific inorganic B^een the surfece of 

molten tonerlr^ proems. Thus, tti! s^r^hcFc 

inorganic fine particles prevents adhesion of toner T to the heating member. As a result, occurrence of offset -can 
so be prevertted. ' : ' :;,r ;"."-* : ' "'' * v ; - x ' : \ : \' : 

The inventors of trie present invention has studied the offset of toner which occurs during the fixing process. 
As a result, toner T of the type having the external additives 13 allowed to adhere to the mother particles 12 is 
caused to be tbher T forming the transferred image transferred to the surface of the transfer paper 208 and includ- 
ing toner in which the external additives 13 are liberated and inhibited from satisfactory adhesion to the mother par- 
55 tides 12. The reason for this lies in that stress is repeatedly exerted on the external additives 13 allowed to adhere 
to the mother particles 12 when a contact development is performed in whidh the external additives 13 are brought 
into contact with the OPC 202 and when a contact transfer is performed in which the external additives 13 are 
brought into contact with the transferring unit 207. As a result of the stress, the external additives 13 are liberated 
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from the mother particles 12. 

Even if the specific inorganic fine particles are mixed with toner as employed in the foregoing disclosure, the 
stress sometimes causes the specific inorganic fine particles to be liberated from the mother particles. Therefore, 
there is a concern that the offset of toner cannot effectively be prevented. 

s As described above, the disclosed toner cannot necessarily prevent liberation of the specific inorganic fine par- 

ticles from the mother particles which occurs owning to the stress which is exerted during the contact development 
process and the contact transfer process. Therefore, occurrence of the offset of toner cannot satisfactorily and 
effectively be prevented. In addition, the disclosed toner cannot reliably prevent liberation of the specif ic inorganic 
fine particles from the mother particles. To prevent occurrence of the offset, the lifetime of toner is limited. That is, 

10 elongation of the lifetime of toner cannot be expected. 

3. As shown in Fig. 26, a conventional development unit 301 is arranged to develop an electrostatic latent image 
on the surface of a latent-image carrier with toner. Toner in a toner?accommodating portion 302 moved to a toner 
supply member 304 by a toner-carrying member 303. Then, toner T is supplied to a toner carrier 305 by the toner 
supply member 304 so as to be held on the surface of the toner carrier 305. Moreover, toner T on the toner carrier 

is 305 is formed into a uniform thin layer by a toner-regulating blade 306. Moreover, toner T is uniformly electrified, 
and then moved to a latent-image carrier 307. Toner T is used to develop an electrostatic latent image on the latent- 
image carrier 307 so as to be visualized,. 

Toner T for use in the conventional and usual development unit 301 is allowed to pass through a space 
between the toner carrier 305 and the toner-regulating blade 306 so as to be moved to the latent-image carrier 307 

20 when toner T on the toner carrier 305 is formed jntp the uniform thin layjer anql uniformly electrified by the Jqner- 
regulating blade 306. Toner T must pass through the space between the toner carrier 305 and the toner-regulating 
Uade;3P6:sp^^ be, formed into4h^Mi?!^ r rijthin layer, antiel^ifi^^ as-^be moved jq^heJatent- 

image, carrier .; 307. Therefore, to^ 

Therefore, as shown in^Fig^ 11 . coi^ei^onaMQner T has a tonstitirioa i^j^m^^^sniqa, 
25 (SiO^ ^r^allowed tp adhere to t the sui^ces;pf mother particles 12xpmpos^d of a resin. Tfruis, the required fluidity v 

and elec^tf jpa^^^^ c-*fcrv* v .w-.k. v a m*u* tv^^yw, ? - 

The ^i^qi^ siz^ of pa 

tives ^# ? th^nigther ( itiM 1 ^ tofj^ner T 

having unsatisfactory fluidity and electrification characteristic is formed. If toner T of the foregoing type is moved to, 
so a <x>nt^Rprti^ 305, 
toner 11^^^^^ 

in Fjg^ 2^ T^jip,j tonjer^^ 

islactorXi-f luldij^ .^elec|b;if igatlon. chacacterjsfic.^ and large pdjttclf^ 

retained |otrj,ej J haying.theJarg^pa^ a n|cwement.?triR^.on the ton^parrj^r 3Q5,, •> 

35 fif tfj^r^pi^ 305;^ 

efectr.if ^tiqapfjaracteristic and small^nd irtermediate particle, sizes is .selectively moved tp : the Jatent-image ear- 
ner 3Q&per^ ^i^i^^-^i V' , 

4. As shown in Fig. 30, a conver^al^p^ 

oper s^tl#t ? a^n#T^^ 4g0giv^Us^,^ x cJes(e|o8 ^^l^$^g/!^^^gft^ 

40 formediQCVih? f 

dev^lpp^ipithft^f^pm 

ber 4Q3,^en*tpR§i>^ a? ^I^^pn;^. 

surfec^th0,d^o^e^ {©Jlf^M^ jp^^junffp^i^i^, ■; 

45 Tisuseri ( tojiev^ 

Toner T for use in^the, conv^ ^ovpass^rough^a.space,, 
between^te^§lp^ 

407 wh^j!^ forme^i^l^ < . 

toner^ti^ i . t \ M . ; . \,.\^ ] v '. r ,'. -'V-^'j 

so When the developer carrier 405 in a state in which the toner-regulating blade 406 has been made contact with 

the developer carrier 40,5/ is rotated at high speed to obtain a large amoufrt of image at high ?p.eed by the one^epm- 
ponent development method, a portion of toner T cannot pass through the space between the developer carrier 405 
and the toner-regulating blade 4Q6, as shown in Fig. 31, The portion of toner T is sometimes and undesirably fixed 
to a contact portion (hereinafter called a "nip portion") 406a of the toner-regulating blade 406 in which the toner- 

55 regulating blade 406 is made contact with the developer carrier 405. The fixed toner T" causes unevermess to 
occur during the process of the developer carrier 405 to move toner. Therefore, the conventional one-component 
development method encounters frequent occurrence of unevenness of the density of a formed image in a form of 
a longitudinal stripe. 



.QnOTiin- -CO nnrynrwAi i „ 
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Toner T must pass through the space between the developer carrier 405 and the toner-regulating blade 406 so 
as to be formed into a uniform thin layer and uniformly electrified. Then, toner T is moved to the latent-image carrier 
407. To achieve this, toner T must have satisfactory fluidity and excellent electrification characteristic. Therefore, as 
shown in Fig. 11, conventional toner T has a constitution that external additives 13 composed of silica (Si0 2 ) are 

5 allowed to adhere to the surfaces of mother particles 1 2 composed of a resin. Thus, the required fluidity and elec- 
trification characteristic have been obtained. 

The particle sizes of particles of toner T, however, vary considerably. Moreover, adhesion of the external addi- 
tives 13 to the mother particles 12 is not always uniformly and sufficiently performed. Hence it follows that toner T 
having unsatisfactory fluidity and electrification characteristic is formed. If toner T of the foregoing type is moved to 

10 the nip portion 406a of the toner-regulating blade 406, also toner T of the foregoing type cannot pass through the 
space between the developer carrier 405 and the toner-regulating blade 406. As a result, toner T is undesirably 
fixed to the nip portion 406a of the toner-regulating Wade 406. Thus, the fixed toner T causes unevenness to occur 
in moving toner T as described above. As a result, unevenness in the density of the image in the form of a longitu- 
dinal stripe takes place. 

75 Therefore, a development unit has been disclosed in Japanese Patent Laid-Open No. 6-1 1879, which is con- 

stituted such that a film-thickness-regulating member made contact with a rotative developer carrier which carries 
toner is worn owning to friction with the developer carrier before toner is fixed. Thus, it is attempted to prevent fix- 
ation of toner to the film-thickness-regulating member. 

The disclosed development unit enables the portion of the film-thickness-regulating member, to which toner 
20 will be fixed, to be removed before the fixation of toner. As a result, fixation of toner hardly occurs. 

The development unit disclosed as described above and constituted such that the film-thickness*regulating 
member is worn encounters limitation for use of the film-thiekness-regulating member. As a result the development 
unit cannot easily be used for a long time. That is, there arises a problem in that the durability of the development 
unit is unsatisfactory. 

25 The development unit disclosed as described above requires the film-thickness-regulating member having a 

special shape and made of a special materials In addition, the film-thickness^regulating member is brought into con^ 
tact with the developer carrier when the film-thickness-regulating member has been worn; Therefbre* the film-thick- 
ness-regulating member must be pressed against the developer carrier by a pressing member. As a result, there 
arises a problem in that the ffl 

30 ily be reduced^ * < ^ '• <V ^t^v v.>r^y\'?-sM--<\---s ■,«'»•: * - \<»>>k->v-v : -\\ ■ ->'- : 
Mbr«)ver, control is required such that -pressing of /the film-thickness-regulating member by means of *e 
pressing member is performed substantially unHbrmly W leads to a fatfthaithe struttares ^ 
ulating member and the pressing member are excessively complicated. Thus, there arises a problem in that the 
foregoing members cannot easily be manijfec^ must have a spe- 

35 cial shape and a special material and the pressing member is required, the foregoing structure cannot easily be 
applied to tfie conventional development unit. Therefore, there arises a problem in that genial versatility cannot be 

realized^^'MtOr.f.: -\t ;.: ■:. ; ) -*'•. - ! f« - V ;"»'-i' r " ^'-- r.' \j0*.%iV*#r n r Y:^- Vr.-.vVj-i-- 

5. The reason why the above^escribed fixation^ toners to thedeveloper-regulating;member 406 occurs is con- 
sider^ as' follows. ToherT, In <wh lower than a^predetermined 

40 concentration;' which has a low coverage of external additives'and which has a small iparticle size; ^ by physical 
adhesiveifprce, allowed to adhere to a contact portion between the developer-regulating member 406* andithe 
developer carrier 405: Then, toner; T is repeatedly slides and rubbed between the developer-regulating member 
406 and the developer carrier 405 which mo^ 
T. TpnerrT;h^ingalow(cpv^ 

4$ deformation easily^^^ 

ment caused ttom flow of toner does not easily occur beicause the coverage of the external additives is low. There- 
fore, when thermomechanical stress is, from outside, exerted on toner T having the low coverage of external 
additives is low and a small particle size, toner T cannot disperse the stress to the surrounding portions. Therefore, 
toner T is undesirably deformed. As a result, toner T having the deformed shape is joined to adjacent toner and the 

50 surface of the developer-regulating member 406. Thus, fixation of toner T occurs. 

Fixed toner T" causes unevenness in the movement of toner similarly to the foregoing description. Thus, une- 
venness in the density of the images in the form of a longitudinal stripe takes place. 

6. A conventional image forming apparatus of conventional type encounters a fact that the gradation expression is 
improved as the particle size of toner is reduced. Thus, the image quality can be improved, causing the resolution 

55 of a developed image on the OPC to be improved. On the other hand, a transferred image transferred from the OPC 
to the transfer member encounters a fact that the resolution realized by transfer excessively deteriorates as the par- 
ticle size of toner is reduced. 
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[0002] A mono-color image forming apparatus, which is attempted to be capable of obtaining a transferred image hay- 
ing a high resolution even if the particle size of toner is reduced, has been suggested in Japanese Patent Laid-Open 
No. 3- 1 70979. The image forming apparatus disclosed as described above is constituted to directly press transfer paper 
against a toner image developed on the OPC. Thus, the toner image is physically transferred on the transfer paper. As 
a result, flying and retention from transfer can be reduced to improve the efficiency in transferring. Thus, a transferred 
image having a high resolution can be obtained. 

[0003] The reduction in the particle size of toner, however, causes its fluidity to deteriorate. As the fluidity of toner 
deteriorates, missing of an intermediate portion of a characteristic or a line occurs. 

[0004] Therefore, the foregoing disclosure has disclosed a technique that toner is covered with silica (for example, 
mother particles of toner are added and covered with external additives (SiOj?) as shown in Fig. 1 1 in spite of omission 
from the disclosure) to improve the fluidity of toner. Tests were performed to measure change in the fluidity and that in 
the ratio of missing of an intermediate portion in a line having a thickness of 300 jim when the amount of silica, which 
is added to toner having a particle size of 7 p,m, has been changed from 0.2 wt% to 2.0 wt%. When the amount of silica, 
which is added, is made to be 0.4 wt% or larger, the ratio of missing of an intermediate portion can be lowered to be 
5% or lower. As a result, missing of an intermediate portion cannot be recognized as a defective image by the unaided 
eyes. Thus, an image exhibiting excellent gradient and sharpness can be obtained. 

[0005] Full color image forming apparatuses, such as color printers, have been developed in recent years. Fig. 41 is 
a schematic view showing an intermediate transfer type color printer which is an example of a conventional full color 
image forming apparatus. 

[0006] Referring to Fig. 41. in the color printer 601, a print command signal (an image forming signal) supplied from 
a computer (not shown) is supplied to a control unit (not shown) of the color printer 601. As a result rotations of the 
following units in predetermined direction are performed: an OPC 602^ development units;603, 604, 605 and 606 for 
developing corresponding colors (yellow, magenta, cyan and black) (the order of the deyelopment?units corresponding 
to the foregoing colors is arbitrarily), development rollers 603a, 604a, 605a and 606a which are toner carriers and an 
intermediate transfer medium (a drum may be substituted for an illustrated transfer belfy ^ 

the OPC 602 is uniformly electrified to surface potentiahof V 0 by an electrifying roller 608 arranged to apply voKage V a . 
[0007] Then) selective exposure to 4he outer surface of to 

ance with image information of yellow, which is a first color, is performed by an exposing unit Thus, an electrostatic 
latent image in I yellow is formed. Then> only a development roller 603a of a development unit,603jfbrrye!low is brought 
into contact with the OPC 602. Moreover, toner is electrified with development bias voltage V b of the development roller 
603a so asito be moved to the OPC 602: Therefore, an electrostatic latent image for yellow on the OPC 602 is devel- 
oped with toner so tr^t a yellow toner irnag on the OPC 
602 is primarily be transferred to thecintermediate transfer medium 607: so that a yellow toner image is formed. At this 
time, a secondary transfer ^ blade 609 are brought to a state in which they are positioned apart 
from the intermediate transfer medium 607. > ; ^'■■■> ^ 
[0008] Residuaktorier "F is left oiv the OPC 602 after the primary transfer of the yellow toner image has been com- 
pleted. Residual toner T is removed by a cleaning blade 610 of the OPC 602 so as to be gathered in a residual toner 
box 611. The*i^ the f OPG is destaticized by idestatidzing Nght Then, the exposing *unrt is again operated to/perform 
selective! fe^sute-ifracto of hiagerrta v^ich^ts asecohd cdlor. : Then; the d(Bv6l6pmeht 
roller 603a of the devetopment urt^ 

of the development Unit 604 is brbM9h£ intoicontact with the OPC 6Q2i;As a result an electrostatic latent image for 
magenta on the ORG 602;is developed 6o that a magenta toner image is formed on the OPC 602: Similarly to theiproc- 
ess for forming the' yellow image, the magenta toner image is primarily transferred to ? the irttermediate trsuisfer rtledium 
607 so thafca ma^ Then, residual toner on the OPC 602 is removed by^th^ cleanirtg blade 

610. Moreover tr^OPG^ 

black which is a fourth color: Thus, the fourcolors are matched on the intermediate transfer medium 607 so that toner 
image in four colors is formed on the intermediate transfer medium 607. 

[0009] After the toner image in the four colors has been formed on the intermediate transfer medium 607 owning to 
the primary transfer, the secondary transfer roller 607a is pressed against the intermediate transfer medium 607. Thus, 
the toner image in the four colors on the intermediate transfer medium 607 is transferred to the transfer member 612. 
Moreover, a cleaning Wade 609 for the intermediate transfer medium 607 is brought into contact with the intermediate 
transfer medium 607. Then, residual toner T left on the intermediate transfer medium 607 after the secondary transfer 
of the toner image to the transfer member 61 2 is remove by the cleaning blade 609. Similarly to the process for cleaning 
the OPC 602, residual toner T is gathered in a residual toner box (not shown). 

[0010] The toner image in the four colors formed on the transfer member 612 owning to the secondary transfer is 
allowed to pass through a fixing unit 61 3. Thus, the toner image is fixed to the surface of the transfer member 612. Then, 
paired discharge rollers (not shown) are rotated to discharge and accommodate the transfer member 612 having the 
fixed toner image in a case. Thus, a full color image is formed on the transfer member 612 by the color printer 601. 
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[001 1] The transferring operation which is performed by the full color printer 601 encounters a problem in that une- 
venness in color occurs owning to missing of an intermediate portion when multilayered toner in the form of superim- 
position of four colors. In general, unevenness in color occurring owning to the missing of an intermediate portion can 
somewhat be obtained by enlarging the thickness of each color. However, the amount of exhaust toner is enlarged own- 
s ing to residue from transfer. Thus, there arises a problem in that the cost cannot be. reduced owning to wasteful use of 
toner. 

[0012] Also the full color printer 601 may be constituted such that silica is added by 0.4 wt% or greater to overcome 
the problem of missing of an intermediate portion as disclosed in the foregoing disclosure. If rough paper is employed 
as the transfer member 612, simple increase in the amount of silica cannot overcome the problem of unevenness in 
io color occurring owning to missing of an intermediate portion when transfer to the rough paper is performed. 

[001 3] Toner of a type coated with the external additive-synchronized toner in a sufficiently large amount encounters 
deterioration of toner after toner has been used for a long time. As a result, there arise problem in that transfer eff iciency 
deteriorates and that stable color development cannot be performed. 

[0014] As described above, the conventional image forming apparatus has been suffered from difficulty in efficiently 
is transferring toner in the foregoing colors and stabilizing the color development in both of short time and long time 
aspects depending on the type of the transfer member 612 including rough paper. 

[001 5] It is, therefore, the object of the present invention to provide a toner, a development unit and an image forming 
apparatus using the same which overcome the drawbacks of the prior art products. This object is solved by the toner 
according to independent claims 1 , 4, 7, 8, 22, 24 and 25, the development unit according to independent claims 1 7, 1 9 
20 and 23, and the image forming apparatus according to independent claims 5, 6, 15, 16, 27 and 28. 

[0016] Further advantageous features, aspects and details of the invention are evident from the dependent claims, 
the description and the drawings. The claims are to be understood as a first non-limiting approach to define the inven- 
tion in general terms. 

[001 7] A first aspect of the present invention relates to a technical field of a toner for developing an electrostatic latent 
25 image formed on a latent-image carrier and a technical field of an image forming apparatus arranged to transfer a devel- 
oped image obtained by developing the electrostatic latent image positioned on the latent-image earner to>a transfer 
member, such as paperv?ahtf ^ 

aspect of the present invention relates to a technical field erf a toner whk^ exWbits satisfactory 
characteristic and a technical fi^ ofran image forming apparatus constituted to remove reskjual toner left on a latent- 
30 image carrier by performing a cleaning process. 

[0018] A second aspect of the presert irwentfon relates to a technic 
latent image formed on a latent-image carrier and a technical fiekJ of ah 

a developed image obtained by developing the electrostatic latent image positioned on the latent-image carrier to a 
transfer member, such as paper, and fixing the transferred image positioned on the transfer member. More particularly, 

35 the second aspect of the present invention relates to a technical field of a toner which exhibits satisfactory fluidity and 
electrification characteristic and a technical field of an image forming apparatus constituted^to pr^ei^fadhesion/ofithe 
transfer. m emben to f being process. x :-yvy^-v> r ^ : ^ ■> ■» ^^-'-f^^^vHs^^ -{m^ . 

[001 9] A thircfcaspect ofithe presert inyentiQn:relatesito a technical field of a#ner fwdevelpping^ ai^ecti^^tic latent 
image formed on a latent-image carrier and a technical field of a development unit for causirai9^^^^i^to^rry 

AO toner to move toner to a latent-image carrier and developing the electrostatic latent image on ^e latenttimage carrier 
with toner; Mbre particularly* the presert invention relates to a technical field erf a toner having excellent fluidity and an 
electrification characteristic £nd a t^hm 

forming a uniform thin layer on the toner carrier and performing uniform electrification toner. 
[0020] A fourth 1 aspect of the present invention relates to a technical if ieW of a development unitrfoncausingattoner 
45 carrier to carry a toner tem^ 

the latentrimaig^ carried With the rrfov^ present ihventiori^relates ito- ^^d^c^f fi^r^of ; a 

development uriit;^ 

of external additives adhere to a plurality of mother particles; >.,;■: - * -..w ?, ; . 

[0021 ] A fifth aspect of the present invention relates to a technical field off a toner for developing an electrostatic latent 

so image on a latent-image carrier and a technical field of a development unit for causing a toner carrier to carry a toner 
to move the same to a latent-image carrier and developing the electrostatic latent image on the latent-image carrier with 
the moved toner. More particularly, the present invention relates to a technical field of a toner having excellent fluidity 
and an electrification characteristic and a technical field for a development unit equipped with a toner-regulating mem- 
ber for forming a uniform thin layer on the toner carrier and performing uniform electrification of the toner. 

55 [0022] A sixth aspect of the present invention relates to a technical field of a toner for developing an electrostatic latent 
image on a latent-image carrier (hereinafter called an "OPC") and a technical field of an imag forming apparatus 
arranged to transfer a toner image obtained by developing the electrostatic latent image on the OPC with the toner to a 
transfer member such as paper. More particularly, the present invention relates to a technical field of a toner which 
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makes it possible to efficiently transfer a toner image even with respect to a transfer member such as rough paper, to 
which an image cannot easily be transferred, and to stabilize a toner image on the transfer member in both of short time 
and long time aspects, and a technical field of an image forming apparatus using the toner. 

[0023] In view of the foregoing, the present invention, in a first aspect, provides a toner which is capable of further- 
more reliably preventing occurrence of filming and furthermore elongating the lifetime thereof. 
[0024] Another aspect of the present invention is to provide an image forming apparatus which is capable of prevent- 
ing liberation of external additives from toner during contact development and contact transfer so as to be capable of 
furthermore preventing occurrence of filming. 

[0025] In another aspect, the present invention provides a toner which is capable of furthermore reliably preventing 
occurrence of offset and furthermore elongating the lifetime thereof by preventing liberation or external additives from 
mother particles which occurs during contact development and contact transfer. 

[0026] Another aspect of the present invention is to provide an image forming apparatus which is capable of prevent- 
ing adhesion of a transfer member to a fixing unit by preventing occurrence of offset. 

[0027] In still another aspect, the present invention provides a toner having further improved fluidity and electrification 
characteristic regardless of the particle size. 

[0028] Another aspect of the present invention is to provide a development unit incorporating a toner-regulating mem- 
ber which is able to form a uniform thin layer of toner and uniformly electrify toner and which is capable of preventing 
formation of movement stripe. 

[0029] In a fourth aspect, the present invention provides a development unit which is capable of effectively preventing 
fixation of a toner to a toner-regulating member to prevent occurrence of unevenness in movement of the toner in the 
form of a longitudinal stripe and obtaining excellent image quality for a long time and which requires a simple structure 
and the cost of which can be reduced. t s ^ 

[0030] In a fifth aspect, the present invention provides a toner having improved f luidization and an electrification char- 
acteristic. ■ • ■ .. . .:■ . . /» 
[0031] Another aspect of the present invention is to provide a development unit which is capable of preventing fixation 
of toner to^toner-regulating member and preventing occurrence of unevenness in the movement of the toner; Jo .«. 
[0032] Inianotheraspect; the present invention presides a toner which en^ 

missing of an Jiritermediate pdrtion to be performed such that only a smallest amount of the toner is required and stable 
color development is permitted in both of short time and long time aspects and an image forming apparatus* using the 
toner. "^wv.q %m ^>:., *r £->smobi*q ■ 

[0033] Othieruaspects'and effects of the present invention wilhbecome apparent fromithe following description.; .> >. 
[0034] The first aspect of the present invention mainly relates to the following items 1) to 6). 

1) A toner comprising: - - ^ - a •- ■..■.":;«•.•■•.■•: ■■■ ?o* .; 

a'pliirai^of^rhoth ■> ■ ** .*/./■<*:•.-? .v .: 

a plurality of external additive particles to be attached to said mother particles, said external, additive particles 
including ? 6xternal^addrtive-partides-attached to said mother particle and external 1 additive particles} liberated, 
from said mother particles; • ' v? ft^iV^r^c'iavwo h ri;w? krjfctfvtf & ^hrhZi ^j^hruxhti s-iuis £:^.y< . 
wherein an; inclination (particle sizes of said external additives/particle sizes of said mother particles) of an i 
approximation straight line obtained by approximating distribution of particle sizes. of said external additives 
with- respect to the particle sizes of said mother particles by a^ least-square methodis notlarger than 0 6 w 

2) The toher according to the abovei 1), the proportion of the number of said external additive particles liberated 
frortrsakiyT^ «foc» a - ; .^vj - 

3) THfc toner |^ wherein a valuer^ain^ by drvidin^ the equivalerrt 
partide siz^ of said' Eternal additive particles attached to said mother particle with the average of the equivalent 
particle sizes of the entire external additive particles is larger than,1: -.• 

4) A toner comprising: 

a plurality of mother particles; and 

a plurality of external additive particles to be attached to said mother particles, said external additive particles 
including external additive particles attached to said mother particle and external additive particles liberated 
from said mother particles, 

wherein a value obtained by dividing the average of the equivalent particle sizes of said external additive par- 
ticles attached to said mother particle with the average of equivalent particle sizes of the entire external addi- 
tive particles is larger than 1. 
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5) An image forming apparatus comprising: 

a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 
5 a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 

said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step, 
wherein said toner is a toner according to any one of the above 1) to 3). 

10 

6) An image forming apparatus comprising: 

a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 
75 a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 

said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step, 
wherein said toner is a toner according to the above 4). 

20 

The second aspect of the present invention mainly relates to the following items 7) to 16). 

7) A toner comprising: a plurality of mother particles; and a plurality of external additive particles to be attached to 
said mother particles, and including toner particles comprising said mother particle having attached thereto said 

25 external additive particles and toner particles comprising said mother particle not having attached thereto said 
external actiitiveipartides, /■:■••■• v>.:.^« 

wherein an inclination (particle sizes of said external additive partides/particle sizes of said mother particles) of an 
approximation straight line obtained by approximaitihg distribution of particle sizes of said external additive particles 
with respect to the particle sizes of said mother particles by a least-square method is not 

30 8) A toner comprising: a plurality of mother particles; and a plurality of external additive particles to be attached to 
said mother particles, and including toner particles comprising said mother partide having attached thereto, said 
external additive particles and toner partides comprising said mother partiqle not having attached ^ereto ? said 
extemaladditive partides; • u- • v. - - : v , ~ f -'- 1 1 - ' zUi 

wherein a value obtained by dividing the average of the equivalent particle sizes of said toner partides each com- 

35 prising said mother particle having attached thereto said external additive particles with the ; average of the equiva- 
lent particle sizes of the entire toner particles is larger than 1 * 1 v « 
9) The tbrfeafec^ 

said mother partide having attached thereto said external additive particles and tt*e nurrt*efcof the entN^er par^ 
tides iSvrttftowefa^ c^^j^^t hwf <*&7w v^^cvwyr*: ^w^y* o^f- 

40 1 0) The toner according to the *ove 8), wherein a percentage of the number :of said toner partides ea<* compris- 
ing said mother particle having attached thereto said external additive partides and the number of the entire toner 
partides is not lower than 60%. v : : v. ■«»»-. - y 

11) The toner according to the above 7) or 8), wherein said mother particles and said external additive particles 
have polarities differ others-' iu ~Jzrh Zvy igt r>^?rlp %i --y^y -,, np.* ^m^^'o , >' 

45 12) The toner according to the above 9). wherein said mother particles and saW;extem^ have 
polarfti^di^i^m?fih^ h v r- l r :, * . • ■ -p^A^i ■■■■ rr 

13) The tohSr a<^^ 11), wherein the polarity of safcJ mother partides is positive, a^^ 
dsaid^6irn^ 

14) The toner according to the above 12), wherein the polarity of said mother particles is positive, and the polarity 
so of said external additive partides is negative. 

15) An image forming apparatus comprising: 

a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 
55 a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 

said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a fixing unit for fixing the transferred image positioned on said latent-image carrier, 
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wherein said toner is a toner according to the above 7). 
16) An image forming apparatus comprising: 
a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a fixing unit for fixing the transferred image positioned on said latent-image carrier, 
wherein said toner is a toner according to any one of the above 8) to 14). 



The third aspect of the present invention mainly relates to the above item 8) and the following items 17) and 

18). 

17) A development unit comprising: 
a toner; 

a toner carrier for carrying said toner; 

a toner supply member for supplying toner to said toner carrier; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier, 

wherein said toner is a toner according to the above 8). 

18) The development unit according to the above 17), further comprising a bias voltage apply member disposed 
between said toner carrier and said toner supply member and arranged to apply bias voltage in a direction in which 
toner is rridved from said toner supply member to said toner carrier owning to the difference in the potential. 

The fourth aspect of the present invention mainly relates to the following items 19) to 21). 

19) A development unit comprising: ? i - , . -, .-.ivv : = .. 

a toners i .?..::n...-j 3,^;^ .••.:>/ -, .. -.v... . , /•; ; .v-.jk, . 

a toner carrier for carrying said 4oner; ! andi 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier, m-.:-..^:,»,:.., ! ;vw-.h =' . - r .-.; . - v, .... 

wherein said toner comprises: a plurality of mother particles; and a plurality of external additive particles to be • 
attached to said mother particles, and including: toner particles having an external additive concentration not 
lower than a predetermined concentration; and toner particles having an external additive concentration lower 
than a Redetermined concentration **> «vr*tf/5j ±>y t^?; ! Ue ^ n ux, !0.\^r.- 

wherein said toner has a proportion of the number of said toner particles having an external additive concen- 
tration lower than a predetermined concentration based on the number of the entire toner particles of not 
higher than30%^ and ^ -"<-< -i^hisi ;-H\* K 

wherein said toner-regulating member comprises a soft elastic member. 

20) The development unit according to the above 1 9), wherein said elastic member is a rubber or elastomer having 
an inr^d r^j^^ ,;V svcwf. o* : >':.scx*.u 

21) The development unit according to the above 19) or 20), wherein when said toner-regulating member is used 
t contact; with said toner -wrth,the edge thereof, said soft elastic member has* rubber hardness of 60 or lower, and 
when said toner-regulating member is used to contact with said toner with the body thereof; said soft elastic mem- 
ber has a rubber hardness of 30 or lower. 

The fifth aspect of the present invention mainly relates to the following items 22) and 23). 

22) A toner comprising: a plurality of mother particles; and a plurality of external additive particles to be attached to 
said mother particles, and including: toner particles having an external additive concentration not lower than a pre- 
determined concentration; and toner particles having an external additive concentration lower than a predeter- 
mined concentration, 

wherein said toner satisfy the following relationship: 

D1/D2 < 2 
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wherein D1 represents the average of the equivalent particle sizes o1 the entire toner particles and D2 represents 
the average of the equivalent particle sizes of said toner particles having an external additive concentration lower 
than a predetermined concentration. 
23) A development unit comprising: 

a toner; 

a toner carrier for carrying said toner; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier, 

wherein said toner is a toner according to the above 22). 



The sixth aspect of the present invention mainly relates to the following items 24) to 28). 

24) A toner comprising: 

a plurality of mother particles; and 

a plurality of external additive particles to be attachedto said mother particles, said external additive particles 
including external additive particles attached to said mother particle and external additive particles liberated 
from said mother particles, 

wherein an inclination (particle sizes of said external additives/particle sizes of said mother particles) of an 
approximation straight line obtained by approximating distribution of particle sizes of said external additives 
with respect to the particle sizes of said mother particles by a least-square method is not smajler than 0.4, and 
wherein the content of said liberated external additive particles is not lower than 1,0 wt% based on the total 
weight of said toner. x 

25) A toner comprising: 

a plurality of mother particles; and r \^y m 

a plurality of external additive particles to be attached to said mother particles, said external additive particles 

including external additive particles attached to^said rrwther particle and 

from said mother particles, 

wherein said liberated external additive particles have a volume-based mean particle size of not smaller than 

1.5 |im. ■ > "■■ ' •■.*> *''■" '■ >.\ -.- v. • 

26) The toner according to the above 25), wherein said liberated external additive particles have a cumulative rel- 
ative frequency value^DSQ of not I ower than 15 V in case where the volume-based particle size of said liberated 
external additive particles is expressed with cubic-root voltage. • yti ..^r ^::;*^»U^rff*h:^.^ ? » * 

27) Animagelbrmingrappar^^ ^^^...^r-v - : . ryif^v-. <^o^uvu<?m1l t. 

atoners , ^<-,! : *v-:> s ;V.*.^-/^-: J ■■■.?.>!:». • ■■■ . :l. ■ \>. -^'-r.r,. • 

a latent-image carrier on which an electrostatic latent image is formed; a v 

a development Unit ton developing , the electrostatic latent image on said latent-image carrier; with said toner • 

and -V /• f-t f,* 

a trailer unrt.fdr transf erring : >• ; ^ im> r * r» K; 

wherein said toner is a toner according to the above 24). > 1 . o \ } .^r^xx*- ■: 

28) An image forming apparatus comprising: 
a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image on said latent-image carrier with said toner; 
and 

a transfer unit for transferring said developed image on said latent-image carrier, 
wherein said toner is a toner according to the above 25) or 26). 

[0035] The above mentioned and other features of the present invention and the invention itself will be better under- 
stood by reference to the following detailed description of preferred embodiments of the invention, when considered in 
conjunction with the accompanying drawings, in which: 
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Figs. 1(a) and 1(b) are diagrams showing an example of a conventional toner analyzing method for analyzing a 
state of adhesion between mother particles and external additives of toner according to an embodiment of the 
present invention. 

Fig. 2 is a diagram showing equivalent particles and equivalent particle sizes for use in the toner analyzing method 
shown in Fig. 1. 

Fig. 3 is a graph showing results of analysis performed with the toner analyzing method shown in Fig. 1. 
Fig. 4 is a diagram showing an approximation straight line for use to constitute toner according to the present inven- 
tion in accordance with results of analysis shown in Fig. 3. 

Fig. 5 is a graph showing results of image forming tests using toner according to the embodiment of the present 
invention and toner not according to the embodiment. 

Fig. 6 is a normal distribution graph of particle sizes of toner according to the embodiment of the present invention 
and obtained from results of analysis shown in Fig. 4. 

Fig. 7 is a graph showing results of image forming tests using toner shown in Fig. 6 and toner other than that shown 
in Fig. 6. 

Fig. 8 is a normal distribution graph of particle sizes of toner according to another example of the embodiment of 
the present invention and obtained from results of analysis shown in Fig. 4. 

Fig. 9 is a graph showing image forming tests using toner shown in Fig. 8 and toner other than that shown in Fig. 8. 
Fig. 10 is diagram schematically showing a conventional image forming apparatus equipped with a cleaning mem- 
ber. 

Fig. 11 is a diagram showing a toner particle having external additives allowed to adhere to a mother particle. 
Fig. 12 is a diagram showing filming which occurs when an image has been formed by the image forming apparatus 
shown in Fig. 10 by using conventional toner: 

Fig. 13 is a diagram showing an approximation straight line for use to constitute toner according to the present 
invention in accordance with results of analysis shown in Rg. 3. 

Fig. 14 is a graph showing results of image forming tests using toner according to the embodiment of the present 

invention and toner not according to the embodiment. •. 

Fig. 15 is a normal distribution graph of particle sizes of toner according to the embodiment of the present invention 

and obtained from results of analysis shown in Fig. 13. #*>o ^ «<* ; - c , 

Fig. 1 6 is a norrhal distribution graph showing particle sizes of toner other than that shown tin Fig. 1 5 ^ 

Fig. 1 7 is a graph showing results of image forming 4ests using toner shownnin Fig. 15 ahdltoner other^than that 

shown in Fig. 15. .:\-j40»fis^ i^xmv.- v \n}iw*.u 

Fig. 1 8 is abnormal distribution graph of particle sizes of toner according to another example of the embodiment of 

the present invention and obtained from results of analysis shown in Fig. 13. 

Fig. 1 9 is a graph showing image forming tests using toner shown in Fig. 1 9 and toner other than that shown in Fig. 

18, 't3i 'I'fciJ^'&fcH-;*'-* i) ■■ ^"."5 : :' h , -.\ : . , ifS ■ . ... ,i .■ i.-w*.,- >;.0; ^ ■• 

Fig. 20 is diagram schematically showing a full-color and tandem type image forming apparatus which is an exam- 
ple of a conventional image forming apparatus. - a w&^v vyh-^ti *w ^^t^o -r-vJ.*** v 
Fig. 21 is a diagram showing winding of transfer paper around a heating memben which occurs when an image has * 
been formed with conventional toner by the image forming apparatus shown in Fig. 20. 

Fig. 22 is a normal distribution graph showing distribution of particle sizes of toner according to an embodiment of 
the present invention. :*^u\ o\ ? -so^.-. iT:*-*^ nn « i ;.uf.^ ....) .• 

Fig. 23 is a normal distribution graphs showing distribution of particle sizes of toner not according to the embodiment 
shown in Fig. 23. 

Fig. 24 is a graph showing results of development tes&using toner<acto in Rg. 22> 

and toner according to the embodiment shown in Fig. 23. ' ^ ^ b ii o #rtt>*w s& &ixfi ir ^ v-s*t«.-f I 

Rg. 25 is a schematic view showing another embodiment of a development unit external additives to the present 
invention. " ••• ... - 

Fig. 26 is a schematic view showing a conventional development unit including a developer carrier and a toner-reg- 
ulating blade. 

Fig. 27 is a diagram showing retention toner and movement stripes which occurrence when development is per- 
formed by the development unit shown in Rg ; 8 by using conventional tbna- particles. 

Fig. 28 is a normal distribution graph of particle sizes of toner according to the embodiment of the present invention 
and obtained from results of analysis shown in Rg. 1 . 

Fig. 29 is a diagram showing a portion of the embodiment of the development unit according to the present inven- 
tion, in which Rg. 29(a) is a diagram showing a developer-regulating member and Figs. 29(b) and 29(c) are dia- 
grams showing the operation of the developer-regulating member. 

Fig. 30 is a schematic view showing a conventional one-component development unit including a developer carrier 
and a toner-regulating blade. 
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Fig. 31 is a diagram showing fixation of toner to the toner-regulating blade and unevenness in the movement of 
toner which occur when development is performed by the development unit shown in Fig. 30 by using conventional 
toner particles. 

Fig. 32 is a normal distribution graph showing distribution of particle sizes of toner in accordance with the results 

5 of analysis of toner shown in Fig. 1 . 

Fig. 33 is a graph showing results of analysis obtained by the toner analyzing method shown in Fig. 1 and an 
approximation straight Line for use to constitute toner according to the present invention. 
Fig. 34 is a bar graph showing the number of counted asynchronous external additives with respect to the equiva- 
lent particle sizes (cube-root voltage) of asynchronous external additives. 

io Fig. 35 is a bar graph showing results of tests of sample (1) and corresponding to Fig. 34. 

Fig. 36 is a distribution graph showing the equivalent particle sizes of toner particles showing results of tests of 
sample (1) and corresponding to Fig. 33. 

Fig. 37 is a bar graph showing results of tests of sample (2) and corresponding to Fig. 34. 
Fig. 38 is a distribution graph showing the equivalent particle sizes of toner particles showing results of tests of 
75 sample (2) and corresponding to Fig. 33. 

Fig. 39 is a bar graph showing results of tests of sample (3) and corresponding to Fig. 34. 

Fig. 40 is a distribution graph showing the equivalent particle sizes of toner particles showing results of tests of 

sample (3) and corresponding to Fig. 33. 

Fig. 41 is a schematic view showing an example of a conventional image forming apparatus equipped with a clean- 
20 ing member. 

[0036] Referring to the drawings, an embodiment of the present invention will now be described. 
[0037] Fig. 1 is a diagram showing ah exarnple of a conventional method of analyzing toner for use in a process for 
analyzing a state of adhesion between mother particles and external additives of toner a^rding td an entbodiment of 
25 the presertt iriv&itibh. ' ' 

[0038] A state adhesion between the mother particles and the external additives of toner T ac^rtfi^ to this eniiod- 
iment must lt& aralv^ in 
"New MethbdctfAha^ 

lection of "di^n Ha^ dE\ttcj^ 
so tographyA^iift^ ^vu.-^ 
[0039] Th£ibr^ 
plasma, pair$#^qf 

of mother parlides <^ resiri to excite particles of toner T, ^ obtaining emfeaori spectrum as shown W Fig. 

1 realized owfting to the ex&tatidn, ' " ; v < r ■ h - ; 

35 [0040] AH a*iS#i^ graph showri in FigM showing emissibft sp€k^ shown in 

Fig. 1 (a), iritK^ addftiv^allwed fo W 

made of i r^in 1^ 

mother paftick^^ 

external additives simultaneou#§ffl^ 
40 neously emitligltfisas^fe iif wtildH tHe%iother eatfvbtheiv 

NamelfcihifslSt^ 

in which the ' s &»H&fd^^ ^-r^h^M^ - - r r 

[0041] In a state as shown in Fig. 1(b) in which the mother particles to which the? external additives ate ribtlalidwed^ 
and the exf^HSf'i^^ irtfdpla^ 
45 and the external additives emit light similarly to the foregoing rase^ tH#ti^^ 
additives are introduced into plasma at different ttoi^tT^ 

light at different times (if the mother particles are ititiMio&di irfto jpl^rT^ phoi^ t6 the^ihtf^iictfon of tK^ external ^ dddi- 
tiv s. the mother particles first emit light, and th^H the externi addto^mrt li^ ^ / ; ^ - - ' 
[0042] The fbregbing state in which th£ mother particles and the external additives emit light at different times is a 

so state in which the mother partidies arid the external additives are not syridirbniziBd with eadh other (that is, an asyn- 
chronous state). Namely, the state in which the Mother particles and the (external additives aire asynchronous with each 
other is a state in which the external additives are hot allowed to adhere to the mother particles. 
[0043] Referring to Fig. 1 , the height of the light emission signal indicates the intensity of emitted light. The intensity 
of emitted light does hot concern the size and shape of the particles. The intensity is in proportion to the number of 

55 atoms (C and S1O2) of the elements contained in the particles. To indicate the intensity of emitted light of each element 
with the size of the particles, a particle of a pearl composed of only the contact and the external additives is assumed 
when light emission of the mother particles and the external additives has occurred as shown in Fig. 2. Thus, the par- 
ticle size of the pearl is used to indicate the particle size of each of the mother particles and the external additives. The 
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particle of the pearl is called an equivalent particle, and the particle size of the equivalent particle is called an equivalent 
particle size. Since the external additives having very small sizes cannot individually be detected, the detected light 
emission signals of the external additives are integrated to be converted into one equivalent particle so as to be ana- 
lyzed. 

s [0044] As described below, toner T according to the present invention comprises at least mother particles and exter- 
nal additive particles. The mother particles comprise at least a resin, which comprises at least carbon atoms as a con- 
stituting element. Therefore, the light emission spectrum attributed to carton atoms is detected to evaluate the mother 
particles. On the other hand, the external additive comprises fine particles of a metal oxide, metal carbide, a metal 
nitride or metal salt. In the case of Si0 2 , for example, light the light emission spectrum attributed to Si is detected to 

10 evaluate the external additive. 

[0045] When the equivalent particle size of the equivalent particle obtained from the emission spectrum of each of 
the mother particles and the external additives is plotted for each particle of toner T, a graph showing the distribution of 
equivalent particle sizes of the toner particles as shown in Fig. 3 can be obtained. 

[0046] The graph shown in Fig. 3 has an axis of abscissa which stands for equivalent particle sizes of the mother par- 
rs tides and an axis of ordinate which stands for equivalent particle sizes of the external additives. The equivalent particles 
indicated on the axis of abscissa represent asynchronous mother particles to which the external additives are not 
allowed to adhere. On the other hand, the equivalent particles indicated on the axis of ordinate represent asynchronous 
external additives liberated from the mother particles. Equivalent particles deviated from the axis Qt abscissa and the 
axis of ordinate indicate synchronized toner T having the external additives allowed to adhere the mother particles. 
20 [0047] Thus, a state of adhesion of the external additives to the mother particles of toner T is analyzed. 

[0048] Toner T for use in the image forming apparatus according to this embodiment may be negative-polarity or pos- 
itive-polarity toner. The mother particles comprises at least a coloring material and resin. Moreover, an ejjactrif ipation- 
controlling ag^nti a dispersartt, a lubricant (W[ax), a rnagnetjc material and c^er additives may be added. 
[0049] The resin constituting the mother, particles may be selected from: polystyrene ancl copplyrn^rs ther^, for 
25 example, hydrogenated styrene resin, styrene-isobutyrene copolymer, ABS resin, ASA resin, AS resin, AAS resjn, ACS 
resin, AES resin* styren 
ymer, styrene*by^ 

styrene-majeate co^^ styrene-mal^C: ^ riesins arid . 

methacrylate^resins /a^ and :theirjx^ jexaij^jei .s^epj^a^yl 

30 copolymer, styrene-diethylamino-ethylmethaacrylate copolymer, styrene-butadiene-acrylia ^^;^^W^h^l^^\ 
methylmetkaa<^y^ 
ylate copoly^ef,^styr^ 

methaacrytate copolymer, ^yrenerbM^ f^^t^X , ! c ^t?^ 

maleate copolymer, styrene-methyi methaacryiate-acryljc acid-2-ethylhexyl copolymer, styrene-njb^ar^ 
35 colmethaacrylate, copolymer, styrene-ii4xj^me^ acid copolymer, , styrenernfb^methaa 

maleic arth^r^^ 

and their qq^^ers^ resins; propyl 

thereof; fluqrqrssir^ 

one of thei§rj£Qjn$r^e^ ,^v^v,v> 
40 [0050] Thecdpring rnatetfa!^ 

ane, cationjtype rriat^ ^zo-type rrateri^ gold-^teined teo t pigment, 

azochrome complex, carmine material, benzidine, solar, pwe yellow 

threne Blu%^ulferj^ <v>u^c< iy-h ; . • • vm-te .v:»?. ; h ,. 

[0051J Ift^e!^ 

45 nitrohumia#p|^ y y j * :, } ; . 

[0052} The lubricant may be ^ 
[0053| Thedispe^rtt^ 

[0054) Other additives may be zinc stear^anp lite, ; , 

[00551 The magnetic material includes me^l;^ Mn qr Zn; metal cwdde, such as ; Fe304. Fe203, 

so Cr203 or ferrite; an alloy haying a ferrprragnetic c owning to hefft treatment of an alloy containing manga- 

nese and acid; and the like. A previous treatment using a coupling material may be performed. 
[0056] The foregoing materials are formed into the mother particles by a usual kneading pulverization method, a spray 
and dry method or a polymerizing method. 

[0057] The external additives include a variety of materials having surfaces subjected to a process for obtaining hydro- 
55 phobic characteristic. For example, inorganic fine particles made of metal oxide, such as silica, alumina titanium oxide, 
their corrposite oxide; or organic fine particles, for example, acryl fine particles. As its surface treatment material, any 
one of the following materials may be employed: a silane coupling agent, a titanate coupling agent a fluorine-contained 
silane coupling agent or silicon oil. It is preferable that the hydrophobic ratio of the external additives processed with the 
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foregoing processing agent is 60% or higher when the ratio is measured by a conventional methanol method. If the ratio 
is not higher than the above-mentioned value, deterioration in the electrification characteristic and fluidity easily occurs 
in a hot and wet environment owning to adsorption of water. It is preferable that the particle size of the external additives 
is 0.001 fim to 1 jirn from a viewpoint of improving a transporting characteristic and fluidity. It is preferable that the 
5 amount of the added external additives is 0.1 wt% to 5 wt% with respect to the mother particles of toner. If the amount 
is larger than the foregoing value, the possibility that the external additives are made to be asynchronous with respect 
to toner is raised. Thus, secondary coagulation frequently occurs, causing determination in the electrification charac- 
teristic and increase in the movement marks to take place. 

[0058] The number of kinds of the external additives is not limited to one, and two or more kinds of external additives 
10 may be used in combination. 

[0059] The mother particles and the external additives are mixed in a dry state so as to be allowed to adhere to one 
another by using a high-speed fluidization mixing machine, such as a Henschel mixer or perpen mayer or a mixing 
machine using a mechanochemical method. 

[0060] In the present invention, the toner may be used as either of a one-component developer and a two-component 

is developer together with a carrier component 

[0061 ] The material of the toner carrier for use in the development unit according to the present invention may be any 
material so long as rt can be formed into a toner carrier, such as a magnetic material, a non-magnetic material, a con- 
ductive material, an insulating material, a metal material, rubber and resin. For example, the material may be any one 
of the following materials: a metal material; such as aluminum* nickel or stainless steel; rubber, such as natural rubber, 

20 silicon rubber; uretharWrubber, butadiene rubber, chloroprene rubber, neoprene rubber, or NBR; or resin; such as styrol 
resin, vinyl chloride reSih, poly uretharie resihV polyethylene resin, methacrylic resin of nylon. As a matter of course, 
coating of the up^er layer of the fbregoihg niaterial is perrriitted, The coating material may be polyethylenej polystyrene, 
polyurethane, polyester, nylon or acryl. The toner carrier may be formed into any one of a variety of shapes taduding a> 
non-elastic sh^S; aH^iastic'sh^^ film or a roller. The surface roughness 

25 Rz (ten-point average surface roughness aa^rbihg to JIS B 0601) of the toner carrier is made to be 1 jim to 10 itm: 
[0062] HiSprtf^^ 
rial to stabilizS ^co^ 

polyurethah^loahv polystyrene foamp^yah^erie foam, polyester fta 

con foam. The foaming cell for constituting the toner supply member may be either a 3n#e*foam^ * 
30 cessive foarivtfceW^^ typertiateriafe t<^i^feuntroduced > on 

into the foarftdai'in th^ 
inhibited ah^rrovemW 

material. Tntf hMftn&^ Th^tihiumha^ 
with which an effect to scrape residual tonef-orivt^ 
35 (volume resiSte^ - *)if&k '?^™w<Um<.« ^ ^^w^m? ^ -*" v ^ 

[0063] Astr^er^f&drs^ 

obtained by dispersing a conductive agent, such as carbon, in any one of the following ? ri^teri^ 

material int&St^^ -'^^ 
ber, butettem r ^ 

40 diene rultiti&%^ ad'Aty uw^-y* r; vknw>mm *i.s*fr&3k**t ,^>r •** ^ 

[0064] TTlS^fer^CilS^^ '• 
like formed InWtf^^S^ irqmbra rSsin. .The rub- v > ; 

ber chip m^i^a r^tfiSJ^^ :? 
rials and by ffitimglffi^ - 
45 styrene-butadiene rubber, butadiene rubber, chloroprene rubber, butyl rubber^ ethylene propylene riri^. f^ 

drine rubber; riiiril btrtadiehaVubbef ana 'acryl rtfbber/Also > a rnaterial obtained by 1 integrity molding the^foregoing rut^' 
ber material or a material constituted by a sigriai'piate iitehiber^may be ^ptoyeti^ a niatter <rt <tf tiree^o^^ 
upper layer Bif thfe fore^oirt^ ^ ^ly^ene;ny|dn^poly- ■?*■■» 

urethane or polymer: - ™ v ; J: vp?^~> '<< ; P C "*'<^ w < •* »y ' 

so [0065] Th6 cleaning blade for itee in thei present i^ elastic chjp provided for 

a plate member rmde of staihless steel,' copper, iron of resin. Thfc rubber Chip may be obtained by molding silicon rub- 
ber, urethane rubber, natural rubber, isoprene rubber, styrene-butadiene rubber, butadiene rubber, chloroprenei rubber, 
butyl rubber, ethylene propylene rubber, epichlbrohydrihe rubber, hitril butadiene rubber and acryl rubber. As an alter- 
native to this, a cleaning blade obtained by polishing or cutting the foregoing structure. 
55 [0066] Toner T according to this aspect of the invention has been analyzed by the foregoing analyzing method. Toner 
T according to an embodiment comprises silica particles to serve as the external additives. As shown in Fig. 4, a state 
of adhesion between carbon contained in mother particles 12 of toner T and the external additives 13 analyzed by the 
foregoing analyzing method fe analyzed by using approximation straight line a obtained by the least-square method and 
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passing through the origin. The inclination 6 (equivalent particle size of the external additives/equivalent particle size of 
the mother particles) of the approximation straight line a indicates the concentration of the external additives 13 allowed 
to adhere (synchronized with) the mother particles 12. That is, the concentration of the external additives 13 is lowered 
as the inclination 0 is reduced. In the foregoing case, the amount of the synchronized external additives 13 is small and 
s also the particle size is small. As the inclination 0 is enlarged, the concentration of the synchronized external additives 
1 3 raised. In the foregoing case, the amount of the synchronized external additives 13 is large and also the particle size 
is large. 

[0067] As the amount of synchronized external additives 13 is enlarged, the inclination 0 is enlarged. Thus, the liber- 
ated external additives 13 occurring owning to stress easily increases. As a result, filming easily occurs. As the particle 
10 size of the external additives 13 is enlarged, the inclination 0 is enlarged. Thus, the external additives 13 are easily lib- 
erated. As a result, filming easily occurs. 

(0068] Toner T according to this embodiment is constituted such that the inclination 0 of the approximation straight 

line a concerning the concentration of the synchronized external additives 13 is not larger than 0.6. 

[0069] Toner T constituted as described above and comprising the mother particles 12 and the external additives 13 

75 which are synchronized with one another is arranged such that the inclination 0 of the approximation straight line a on 
the basis of the concentration of the external additives 1 3 with respect to the particle size of the mother particles 12 is 
not larger than 0.6. Thus, the overall amount of the external additives 13 which adhere to toner T and the particle size 
of the external additives 13 which adhere to the mother particles 12 can be limited to an extent with which the number 
of occurrences of f flming is not substantially changed if the number of prints increases. As a result, liberation of the 

20 external additives 1 3 from the mother particles 12 of synchronized toner T can be prevented in the contact development , 
process and contact transfer process in the image forming operation. Namely, formation of the asynchronous external 
additives 13 can<be prevented^ of the, external additives 1 3: in the nip. portion 2a pn the QPQ 102 , 

can furthermdreeffe^Y^ 
[0070] Toner niacrordingto;^ 

25 the approximation straight line a is 0.6 and toner T which does not accord ther^^ 
inclination 0 of the a^rdwmatiofr 

apparatus40fcequipj^ 0; as shown in Fig&IO; Thus; result* shpwrcin jRg^^rjB (^riied. 

Toner containing silkfcfthe^ W^urnofc& in- 

urement (which applies^ . yxi* wi-vi** ftvru&*vty\u& Kind fe';!r^iiy' : *c'n?x>\-^te.5 pa^U^r^ : »- 

30 [0071] As ^betunderstoodjfrorn R 

0.7 en<»untered*rapi&enlarge^ ftftAG Hf\Bs ( 

OPC2.Tbh$f^<^$fa 

which are caus^iby ft6 Vernal additives ,13 or the number is Rightly enlarged. Toner T according to this embpdiment 
is able to r^uc^bcc^ } : 

35 [0072] toner T according to this eirtoptiiment is able to prevent liberation of external additives 13 trqm the mother par- 
ticles 12 if*str^i&r,e^ 

time of to^tk&rfcfti^^ r;W-^ * i^^k^'r 1 '^ 

[0073] : Ttopres^in\tertf^ 
Any one <&var!tousir^^ 

40 the elements, which must be detected, is appropriately selected in accordance with the material qf^t^ 

fives. Thu^a>similar*m is 
erTptoyedto>serV£a$#i&^ 

mina is ertiploye$i;thei^ r; 
kinds of ^£makadditive$^ fyi$:£i#iGi^ 

45 described relationship, ^v ^u^ \noK > Hv t ^ -;-- f -\ - j in v.a$u>y T cv,£- itlJi.u*.j'« ha^. i/* * & * 
[0074] Fig; 6 is a.normalfdfetrtoution graph showing another embodiment of toner according to the present invention 
and the distribution of rparticle sizes obtained from results of analysis s v . > , 

[0075] Aseqprti.emb^ that 
toner T has the inclination 0 Which is not larger than 0.6 and the number of the asynchronous external add^ves 13 

so shown in Fig. 6 is^not higher than 5% with respect to the overall number of toner particles. Since the, pr<^iiipn of the 
asynchronous external additives 13* is determined as described above, re-coaguiatiqn of the external additives 13 can 
be prevented; therefore, filming can be prevented. 

[0076] While the proportion of the asynchronous external additives 1 3 was being enlarged with respect to the overall 
toner particles, image forming tests were performed similarly to the foregoing tests. Thus, results as shown in Fig. 7 
55 were obtained. 

[0077] As can be understood from Fig. 7, the number of occurrences of filming caused from the external additives 1 3 
on the OPC 102 is rapidly enlarged as the number of prints increases if the proportion of the asynchronous external 
additives 1 3 is larger than 5% with respect to the overall toner particles. When the proportion of the asynchronous exter- 
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nal additives 13 is not larger than 5% with respect to the overall toner particles, the number of occurrences of filming 
caused from the external additives 13 is slightly enlarged if the number of prints increases. Thus, substantially no influ- 
ence is exerted on the image. That is, also toner T according to this embodiment is able to prevent filming caused from 
the external additives 1 3. 

5 [0078] Also toner T according to this embodiment is able to elongate the lifetime thereof similarly to toner T according 
to the foregoing embodiment 

[0079] Fig. 8 is a normal distribution graph showing another embodiment of toner according to this aspect of the 
present invention and the particle sizes of external additives obtained from results of analysis shown in Fig. 4. 
[0080] A third embodiment of toner according to the first aspect of the present invention is constituted such that the 
10 mean particle size of synchronized external additives 13 of toner T is larger than the mean particle size of the overall 
portion of the external additives 13 as shown in Fig. 8. That is, the following relationship is satisfied. 

mean particle size of synchronized additives ^ 
mean particle size of overall portion of additives > 

75 

[0081 ] As a result of the foregoing constitution, a major portion of the external additives 1 3 having large particle sizes 
adheres to the mother particles 1 2 of toner T so as to be formed into synchronized external additives 1 3. A major por- 
tion of the synchronous external additives 1 3 liberated from the mother particles 1 2 is formed into external additives 1 3 

20 having small particle sizes. 

[0082] Therefore, also toner T according to this embodiment is able to reduce the asynchronous external additives 13 
during the contact development process and the contact transfer process in the image forming process. Therefore, 
retention of the extern*! additives 13 in the nip portion 2a on the OPC 102 can furthermore be reduced. Thus, filming 
can effediv^ly be pr^iehtlBld. ^ ; 

25 [0083] Image forming tests were performed similarly to the foregoing tests by using toner T in which the mean particle 
size of the syhchrbhi^ additives 1 3 is larger than thte mean particle size of the overall portion of the Vernal 

additives tSlafidlo^ in whicft the mean particle size the synchronized external 

additives 13 is smaller thah the m<^ 

in Fig. 9 w^e bbtaihed. ^ h - : w l ' r 1 i^r.** ?■ *V -w^>: 

30 [0084] As can fefe understood frcfim 

13 which is VmaH6rthari the tn^iT'^fe«idle "siz^ ^off '^IHe^cMBinll portion df the-ext6rrial additives 13 enisbunters rapid 
enlargement of occurence of filming on the OPC 102 owning to the external additives 13^whehihe riurrt>er d prints 
has been enlarged. Toner T accdrdirtg to this embodiment is free from considerable change in occurrence of filming 
caused by the external additives 13 when the number of prints has been enlarged. Also toner T according 1o this 

35 err^odiment enables occurrence of fOming caused from the external additives 13 tobe prevented • 
[0085] Als8 tbrter T^cfedWh of toner T can ^rth^mbre be^elongated similarty^to toner 

Tacwrdiii&^ **>^?>- 
[0086] In the foregoing embodiment the state of adhesion between the mother particles and the external additives of 
toner is atf^& by l th^ toner 

40 analyzing method may be employed if tfie methal is ^ 

of the synchronize tdher^^ trfihe equivalent particle sizes of the entire toner parti- 

[0087] TTiSirnagefofmihS^ 
fomwnga^&tii^ 

45 apparatus ^f^dbhstituted ^ihWresiduai toner T oh the OPC 1 02 is deahedtoy the deaining blades 1 0 f after the ^ 
develc^mert^d^ A^s.^ttfi&*i'\- . 

[0088] In eicN -^l^mert, s^ employed to serve as the external additives 13. A material other than silica 

may be en^idy<& #^ 13 if the rtiiteriaKfe 

improve the fluidity of toner T. ■ •; 

so [0089] As c*an tie understood from the foregoing description, toner according to the first aspect of the present inven- 
tion is constituted to regulate the amount and particle size of the external additives, which acffiere to the mother parti- 
cles. Therefore, liberation of the external additives from the mother particles during the process of contact development 
with the latent-image carrier and the process for contact transfer with the transfer unit in the image forming process can 
be prevented. Therefore, retention of the external additives in the cleaning portion of the latent-image carrier can be 

55 prevented. Thus, filming can be prevented. 

[0090] Toner and the image forming apparatus according to the first aspect of the present invention are arranged to 
prevent liberation Of the external additives from the mother particles if stress is repeatedly exerted on toner T during the 
Contact development and the contact transfer. Therefore, the lifetime of toner can furthermore be elongated. 
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[0091] The second embodiment in the first aspect of the present invention, re-coagulation of the external additives 
can be prevented. Therefore, filming can furthermore be prevented. 

[0092] According to the third embodiment in the first aspect of the invention, a major portion of the external additives 

having the large particle sizes are made to be synchronized external additives. A major portion of the non-synchronized 
5 external additives is made to be the external additives having the small particle sizes. Thus, the inclination of the 

approximation straight line can be reduced. Therefore, filming can furthermore be prevented. 

[0093] The image foregoing apparatus according to the first aspect of the invention is arranged to use toner according 

to any one of the foregoing embodiments to prevent retention of the external additives in the cleaning portion of the 

latent-image earner. Therefore, filming of the latent-image carrier can be prevented. 
io [0094] Since the lifetime of toner can be elongated, also the lifetime of the image forming apparatus using toner can 

be elongated. 

[0095] In the second aspect of the invention, the above-described materials for use as the external additive may be 
combined with one another in consideration of the electrification train of the external additives. Specifically, it is prefer- 
able that the combination is performed such that the mother particles have the positive polarity and the external addi- 

is tives have negative polarity. 

[0096] The heating member for use in the fixing unit of the image forming apparatus according to the second aspect 
of the invention may be any one of heating members made of metal, rubber, resin, a.conductive material or an insulating 
material or comprising a roller or a belt For example, the material may be a structure having the surface of a metal 
member made of aluminum, stainless steel or nickel, which is coated with silicon rubber, fluorine rubber or fluororesin. 

20 An elastic layer satisfying required heat resistance and toner separating characteristic is a preferred material to .serve 
as the coating material. The shape of the heating member may be any one of a film, a roller and the like. 
[0097] Toner Taccordingto the second aspect of the invention has been analyzed bytheforegoinganalyzing method. 
Toner T according to an embodiment comprises silica particles to serve as the external additives. As shown in Fig. 13, 
a state of adhesion between carbons contained in mother particles 1 2 of toner T and the external additives 1 3 analyzed 

25 by the foregoing analyzing method is analyzed by usjng approximation straight line a obtained by the least-square 
method and passing through the origin. The inclination 6 (equivalent particle size of the external additrves/equiyalent 
particle size of the mother particles) of the approximation straight line a indicates the concentration of the external addi- 
tives 13 allowed to?adhere (synchronized w^^ 

tives 13 is lowered as the inclination 6 is reduced. In the foregoing case, the amount of the synchronized external 
30 additives 13 is small, and <also the particle size is small. As the indination 6 is enlarged, the 

chronized external<addittves 13 raised^ln the foregoing case, the amount ipf the.synch^ additiyes 5 13,is 

large and al^the^fitf^ :m&?>h ■'. v -..y-vjV'O ,, , ... 

[0098] As the inclination e is enlarged, the amount of syr^ described 

above. Therefore, the adherei to the motoer parti 

35 erty with respect to the heating member 209a. Thus, the particle size including the primary and secondary particle sizes 

of the exterf^l additiveSrl 3i hayingitow adhesive property is enlarged Therefore; 4^t^ev|hQH^iqn 6 i^erilar^^^adhe- 

sive strength with which the transfer paper 208 and the heating member 209a are altowed to adhere to ^ch .ottier is 

[0099] Toner, T according tathis mother :r^rticles is constituted 
40 line a concerning Jie concentration ^ smgller t^m:©^^ ... ^ v \ h^>- : 

[0100] Toner T^constituted asdes^ 

which are synchronized with one another is arranged such that the inclination 6 of the approximation straight line a on 
the basis otthe rc^^ 

not smaltoithan0i4*^ the^rir^ry| ? 

45 and seoqri<^£p6$ jM(0vy^^^ 0^;p0d& itSL 

having high adhesive property with respect to the heating member 209a. As a result, the adhesion with which the trans- 
fer paper 208 and the heating member 209a are allowed to adhere to each other can be lowered. Therefore, occurrence 
of offset with which toner Tnadhenes to the heating member 209a can be prevented. K leads to a fad that winding of Ifie 
transfer paper 208 around the heating member 209a can effectively be prevented. ; , . 

so [0101] Toner T according to the above embodiment of the present invention and haying the constitution that the incli- 
nation 8 of the approximation straight line a is 0.5 and toner T which does not accord thereto and haying the constitution 
that the inclination 8 of the approximation straight line a is 0.3 were subjected to image forming teste by using the image 
forming apparatus 1 equipped with the heating member 209a as shown in Fig. 20. Thus, results shown in Fig, 14 were 
obtained. Toner containing silica fine particles was used in the tests to detect emission spectrum of Si so as to perform 

55 the measurement (which applies to the following tests). 

[0102] As can be understood from Fig. 14, toner T having the inclination 6 of the approximation straight line a which 
is 0.3 encountered rapid enlargement of the amount of offset toner allowed to adhere to the heating member 209a to 
an extent with which the transfer paper 208 is undesirably wound around the heating member 209a as the number of 
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prints increases. On the other hand, toner T having the inclination 6 which is 0.5 is substantially free from considerable 
change in the amount of offset toner with which the transfer paper 208 does not wound around the heating member 
209a if the number of prints increases. Therefore, toner T according to this embodiment is able to reduce offset of toner 
T to the heating member 209a, causing occurrence of winding of the transfer paper 208 around the heating member 
5 209a to be prevented. A further precise investigation was performed, resulting in rapid enlargement of the amount of 
offset toner when the inclination 0 of the approximation straight line a was not larger than 0.3. Therefore, it is preferable 
that the inclination 6 of the approximation straight line a is not smaller than 0.4. 

[01 03] Toner T according to this embodiment is able to prevent liberation of external additives 1 3 from the mother par- 
ticles 12 if stress is repeatedly exerted on toner T during contact development and contact transfer. Therefore, the We- 
re time of toner T can furthermore be elongated. 

[0104] The present invention is not limited to the silica fine particles which are employed as the external additives. 
Any one of various materials may be employed. When the toner analyzing test is performed, the emission spectrum of 
the elements, which must be detected, is appropriately selected in accordance with the material of the external addi- 
tives. Thus, a similar measurement can be made by using external additives other than silica. When titanium oxide is 
is employed to serve as the external additives, the emission spectrum of Ti must be detected and processed. When alu- 
mina is employed, the emission spectrum of Al must be detected and processed. In the present invention, two or more 
kinds of external additives may be used. In such cases, it is sufficient if at least one of them satisfies the above- 
described relationship. 

[01 05] Fig. 1 5 is a normal distribution graph showing the distribution of particle sizes according to a second embodi- 

20 ment of the toner according to the second aspect of the present invention. 

[0106] Particles of toner T shown in Fig. 3 and analyzed by the foregoing toner analyzing method is shown such that 
the axis of abscissa starts for particle sizes (the other hand, the axis of ordi- 

nate stands for the number of particles having the respective particle size. Thus; the normal distribution graph shown 
in Fig. 15 can be obtained. ■■■ .>v ■ - -v=- ,: - •• - 

25 [01 07] Toner T according to this embodiment has a constitution that the mean particle size of ia portion of toner par- 
ticles (hereinafter called "external additives-synchronized toner?) in which external additives^ 3 allowed to adhere to the 
resin mother particles 1 2 is larger than the mean particle size of the entire toner particles. That is, the following relationr 
ship is satisfied: .-. ••• \ iw iMfv^ ^ a < ; hr^v-^ y-' :.-/ - ; v.-xv^ u-, ?■ v y.^-^y 1 :-'^ -g.-.:* ? • - 

30 w ^ : -i ^ I me^parfatestee of synchronized toner v ^ ? v :r v ■■ ><^> * r > ^ > 

: K H meahpartkdesize:6f overall |X)rtion of toner ^ ^ 

[0108] Toner T constituted as described abpve is arranged such that the mean particle size of external addfflve-synr 
35 chronized toner particles is made* to be larger than the mean particle size of the entire toner par* de$ 
additives 13i<»ri unrforrriiy be allc^ed^osadhere lo at least: the mother; particter12>having^te^ 
mother particles 12 having the large part^ > 
between toner Trard*he heating s external .addiftw^ 

12 havingthe largfrp^ andtfhe heating <iTi€^i^r;j2p^tfe^;>no ^ 

40 reduced, As>a result, occurence ^ toner T adheres to. the heating .merrtber 209a can* be, prevented. 

Therefore, winding of the transfer paper 208 around the hea^^ member 2Q9a;canef^ ^ 
[0109] Image forlTiingt^were perform to this embodiment f arri toner T constituted 

such that the m^n partide size ^ shown in Fig; 16 was smalleritbant 

the mean partide Size pfc^ fhatiSftheM^ ?. vfw* 

■ - ; A' ; v * ' m -.j y ' • ^ '-■ • •' -f r ' : 

mean particle size of overall portion of toher ^ 

50 [0110] The test was performed by using the image forming' apparatus equipped with the heating member 209a con- 
stituted as shown in Fig. 20. Thus, results shown in Fig. 17 were obtained. 

[0111] As can be understood from Fig. 17, toner T shown in Fig. 16 encounters rapid enlargement of the amount of 
offset toner allowed to adhere to the heating member 209a to an extent that the transfer paper 208 is wound around the 
heating member 209a as the number of prints increases. On the other hand, toner T shown in Fig; 15 and according to 
55 this embodiment is free from considerable change in the amount of offset toner which adheres to the heating member 
209a if the number of prints increases. The amount is not enlarged to an extent with which the transfer paper 208 is 
wound around the heating member 209a. Therefore, the toner T according to this embodiment is able to reduce the off- 
set of toner T to the heating member 209a. Thus, occurrence of winding of the transfer paper 208 around the heating 



19 



no77nrv)Ai i - 



EP0 977 092 A2 



member 209a can be prevented. 

[01 12] Also toner T according to this embodiment is able to furthermore elongate the lifetime thereof similarly to the 
foregoing embodiment. 

[01 1 3] Fig. 1 8 is a normal distribution graph showing distribution of particle sizes of toner according to a third embod- 

s iment in the second aspect of the present invention. 

[01 14] Toner T according to this embodiment is constituted such that the inclination 9 is not smaller than 0.4. Moreo- 
ver, the mean particle size of the external additive-synchronized toner particles is made to be larger than the mean par- 
ticle size of the entire toner particles. In addition, a ratio of the number of the external additive-synchronized toner and 
the number of the entire toner particles, that is, the synchronization ratio is not lower than 60%. 

io [01 1 5] Toner T constituted as described above and according to this embodiment is arranged such that the synchro- 
nization ratio of the mother particles 12 and the external additives 13 is not lower than 60%. Thus, existence of the 
external additives 1 3 having low adhesive property at the interface between the heating member 209a and the transfer 
paper 208 is permitted. Therefore, adhesive force with which the heating member 209a and toner on the transfer paper 
208 adhere to each other can be reduced. Hence it follows that occurrence of offset with which toner T adheres to the 

u heating member 209a can be prevented. As a result, winding of the transfer paper 208 around the heating member 
209a can effectively be prevented. 

[0116] Toner T according to this embodiment and having the synchronization ratio of 60% and toner T which does not 
accord thereto were used to perform image forming tests by the image forming apparatus 201 equipped with the heat- 
ing member 209a constituted as shown in Fig. 20. Thus, results shown in Fig. 19 were obtained. 

20 [0117] As can be understood from Fig. 19. the constitution that the synchronization ratio of the mother particles of 
toner and the external additives is not lower than 60% causes the amount of offset toner which adheres to the heating 
member 209a to rapidly be changed. As a result, winding of the transfer paper 208 around the heating member 209a 
can substantially be prevented. Hence it follows that toner T according to this embodiment is able to reduce the amount 
of offset toner T to the heating member 209a. Therefore, occurrence of winding of the transfer paper 208 around the 

25 heating member 209a can be decreased: 

[01 1 8] Also toner T according to: this embodiment is able to elongate the lifetime thereof similarly to the foregoing 
embodiments- ^ y >.;• - . ■< • - : - • <■ "■?-.•■'< 

[0119] A fourth embodiment of the toner according to the second aspect of the present invention is constituted such, 
that in addition to the constitution of toner T of any one of toner T according to the foregoing embodiments, a further 

30 constitution is added. That is, the polarity of the external additives la is nrade tQ jbe different from the polarity of the 
mother particles 1 2. Usually, the polarity of the mother particles 12 is made to be positive. Therefore, toner T according 
to this embodiment is constituted such that the polarity of the external additives 13 is negative. As a matter of course, 
the polarity of the external additives 13 is made to be positive when the polarity of the mother particles 12 is made to 
be negative; vy^y-^ ^fcv*"- v - • f -n- • : . - .■ - 

35 [0120] Toh#^ 

the mother particles 1 2 artel the external additives^^ 1 3 is enlarged owning to the difference in*the polerity. As;ai result, 
adhesion between the mother particles 12 and the external additives 13 is made to furthermore be reliable. Therefore, 
reliable exi&efiee>oftfoe ^ property at the interface between ,heatirtg>membery 

209a and^b^et^j^ Hence it follows that doourreriQe of offset of toner Jivtffi ^whicfetDfwi;T'; 

40 adheres to th^ heatirlg^rtiember 209a does not easily occur; As a result, winding of the transfer paper 208 around the 
heating member 209a=can be printed similar to^^fo r i ■ 

[0121] Tbtie^Taaxjrding tothis 

of the external additives 13 are made to be different from each other. Thus, the external additives having low adhesive 
property is able to exist at the iftteitafcebetwee^ 

45 result, the adhesive force between the heating member 209a and toner T on the transfer paper 208 can be reduced. 
Hence it follows that winding of the transfer paper 208 ^ound the hea^ be prevented. 

[0122] In the foregoing embodiments, the state of adhesion between the rm^er ^rtfoles 1 2 and the external addi- 
tives 13 of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course, 
any toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent 

so particle sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire 
toner particles. 

[0123] The image forming apparatus accordingto the present invention is not limited to the image forming apparatus 
201 shown in Fig. 20* The present invention may be applied to any image forming apparatus if the apparatus comprises 
at least the fixing unit 209 for fixing a transferred image on the transfer paper 208 after transfer has been completed. 
55 [01 24] In each embodiment, silica (SiO^ is employed to serve as the external additives 1 3. A material other than silica 
may be employed to serve as the external additives 13 if the material is able to adhere to the mother particles and 
improve the fluidity of toner T. 

[01 25] As can be understood from the foregoing description, the toner of the first embodiment in the second aspect 
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of the present invention is constituted such that the particle size of the external additives including primary and second- 
ary particle sizes is enlarged, the external additives being external additives which adhere to the mother particles which 
have high adhesive property with respect to the fixing unit. Therefore, the adhesive force with which the transfer mem- 
ber and the fixing unit adhere to each other can be reduced. As a result, offset of toner on the transfer member to the 

5 fixing unit can be prevented. Hence it follows that adhesion of the transfer member to the fixing unit can be prevented. 
[01 26] The toner of the second embodiment in the second aspect of the present invention is constituted such that the 
external additives are able to uniformly adhere to at least the mother particles having the large particle size. Therefore, 
the coagulating force between toner and the fixing unit can be reduced. Thus, occurrence of offset of toner on the trans- 
fer member can be prevented and, therefore, adhesion of the transfer member to the fixing unit can be prevented. 

w [0127] According to the third embodiment in the second aspect of the invention, the external additives having low 
adhesive property is caused to exist at the interface between the fixing unit and toner on the transfer member. There- 
fore, the adhesive force between the fixing unit and toner on the transfer member can be reduced. Hence it follows that 
occurrence of offset of toner on the transfer member can be prevented. Therefore, adhesion of the transfer member to 
the fixing unit can be prevented. 

75 [01 28] According to the fourth embodiment the adhesive force between the mother particles and the external addi- 
tives are enlarged by using the different in the polarity. Therefore, adhesion between the mother particles and the exter- 
nal additives is made to furthermore be reliable. Thus, the external additives having low adhesive property are able to 
reliably exist at the interface between the fixing unit and the fixing unit As a result the adhesive force with which the 
fixing unit and toner on the transfer member adhere to each other can be reduced. Therefore, occurrence of offset of 

20 toner on the transfer member can be prevented. Hence it follows that adhesion of the transfer member to the fixing unit 
can be prevented. r - ; : r .. : : ->'^> v , •■?<* -^r> v 

[0129] The image forming apparatus according to the second aspect of the present invention, occurrence of offset of 
toner on the transfer member during the fixing process can be prevented. Thus, adhesion of the transferimember to the 
fixing unrt cantoe pr#i/er^ . . ^ : - y • : >..'*■■■■ "' 'V-? .■■ ; 

2$ [0130] The toher are! the image forming apparatus according to the se^ is able to 

prevent liberation of the' external additives from the mother particles if ^ess is r^ 
contact development^ 

can f urthermore be elongated. tJ:-^ri^%y. jo^v^vot** i^ : >^}^ *tua*t w eA. .vw»*« u^v'^^^i^^ - 
[01 31 ] ToherT accordit^ has been subjected to analysis ^bytthe foregoing analyzing ; f 

30 method. Theibnfer according to an en^iment ^ aspect of thfriiwe^^ 

additives. Particles of analyzed toner T is expressed 6tich that the axis ^abscis» 
equivalent particle sizes) of toner^an^ axistfoitiifa^ 

tide sizes.'Thus, a s 
particle sizes of toneri th^meaii Article: size of toner par^les^ 
35 toner") in whidrexterriailad^ mother particles and the m^^tf^ toner 

partides are ^ainkLi^ embodiment is cq^ * 

of externa! ai^^ 

des, as shown?in Fig; 22/ ^tte?theif^ mf<n m m** 'iXmhiw tew*** <• *i **- 

40 ■-■■Y-i£ i ■: ' r ? n^ahrpaftid^ siz^syhchi^i2^ ton^r ^ r {i -*>* r,*y \ '^f'^^ :.r> 

[0132] Since the toner ^ -H v 
45 mean partiddsfee ti&te^ & 

toner partid^^W ^ 
which external additiv^ are n^ialiow adhere and v^ich has^^ 

fthe toner,i^l$ri^^ 

a movement sWjtexartl^pr^ be coined. 

so [0133] Toner T according to this emtebdimerit and toner T constituted such that the mean particle: size of the external 
additive-synchronized toner partides is smaller than the mean partide size of the entire toner partides as shown in Fig. 
23, that is, the relationship shown below is satisfied, were used to perform development tests by using the development 
unit equipped with the toner-regulating blade serving as the toner-regulating member and constituted as shown in Fig. 
26. 

55 

mean partide size of synchronized toner < «j 
mean particle size of overall portion of toner 
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[0134] Thus, results shown in Fig. 24 were obtained. The toners for use the tests were each toner comprising silica 
particles. Emission spectrum of Si was detected to perform measurement 

[0135] As can be understood from Fig. 24, toner T shown in Fig.* 23 encounters a fact that the number of movement 
stripes is enlarged over a defective movement limit line which exerts an influence on the image quality after the number 
5 of prints has been enlarged. Toner T according to this embodiment (that is, toner shown in Fig. 22) forms little move- 
ment stripes by a small number which is not larger than the defective movement limit line. Thus, the fluidity and electri- 
fication characteristic of toner can be improved. 

[0136] The external additives according to the third aspect of the present invention is not limited to silica fine particle. 
A variety of materials may be employed, as described above. When the toner analyzing test is performed, the emission 

io spectrum of the elements, which must be detected, is appropriately selected in accordance with the material of the 
ext rnal additives. Thus, a similar measurement can be made by using external additives other than silica. When tita- 
nium oxide is employed to serve as the external additives, the emission spectrum of Ti must be detected and proc- 
essed. When alumina is employed, the emission spectrum of Al must be detected and processed. 
[0137] Fig. 25 is a schematic view showing a development unit according to another embodiment in the third aspect 

is of the invention, in which the toner according to the third aspect of the present invention is used. 

[0138] As shown in Fig. 25, the development unit 301 according to the embodiment comprises a bias-voltage apply 
member 10 disposed between the toner supply member 304 and the toner carrier 305. The bias-voltage apply member 
1 0 applies bias voltage to the space between the toner supply member 304 and the toner carrier 305 in a direction in 
which toner T is moved from the toner supply member 304 to the toner carrier 305 owning to the difference in the poten- 

20 tial. ' '• ••• - *•-• -- . >: : ■ i 

[0139] The other constitutions of the development unit 301 are the same as those of the conventional development 
unit shown in Figi 26. ^ '•.*■> > > -^ : --\r t<- : * ^ : • t. 

[0140] In the development unit 301 constituted as described above and according to this embodiment, when bias volt- 
age is applied to the space between the toner supply member 304 and the toner carrier 305 by the bias-voltage apply 

25 member 1 0, the bias voltage causes movement force owhing^to an electrostatic force in addition? to the mechanical 
movementforce: Therefore, toner having low electrification characteristic and large particle sizes is, in a large amount, 
allowed to pass through the space between the toner-regulating blade 306 and the toner carrier 305 together with toner 
having the high electrification characteristic. As a result selective movement of only toner having small^andiintermedi? 
ate partible sizes tdithe^latent-image carrier307 can ; be prevented: Therefore^ retention of toner having^ large particle 

30 sizes in the nip portion ;of;the toner-regulatingiblade 306 can be prevented: Therefore; formation of a movement stripe ; 
of toner Ton.thG toner carrier 305 Can furthermore ef^ « . ^ v ; i ^ou.^ v ^^ ;^ ; ^ 

[0141] As described above,*the development unit 301 according to this embodiment is able to prevent occurrence of 
a movement ^ipe wused fro^ be 
prevented. As a result; occurrence of the movement stripes can considerably and effectively be prevented. 

35 10142] Inpthi for^bin^embodim 
of toner is^ar^ly^ed by the toner arialy^ 
toner analysing 

sizes of the synchronized toner particles and the mean particle size iof< the equivalent particle sizes of the entiretoner 
particles. 

40 [0143] The development unit according to the present invention js ; not limited to the development unit 301 shown in 
Fig. 26. The present invention may be applied to Any one of de^elbpw^^ least the toner supply 

member 304, the toner carrier 305 and the toner-regulating member (including a member other than the toner-regulat- 
ing blade 306). 

[0144] As dan be understood from the foregoing description, toner according to the third aspect of the present irrven- 
45 tion is cqh$tfo#i^ theiyalue obtained 

partidesah&^ andiherwth^ 
particles is lairger than *i Therefore^ the flui^ 
[0145] The development ^urtit^cckxding to the* 

having satisfabtdry fluidity arid electrif icationicharacteristic. Thus, toner partidfe having large particle sizesare abie to 
so pass through the space between the toner carrier and the toner-regulating: member. Therefore, retention; in the nip por- 
tion of the toner-regulating member, of toner particles to which no external additive adheres and which has large parti- 
cle sizes can be prevented. Therefore, formation of a movement stripe of toner in the toner carrier can be prevented. As 
a result a developed image having an excellent image quality can be obtained. 

[0146] The development unit according to another embodiment in the third aspect of the invention further comprises 
55 the bias voltage apply member. When bias voltage is applied to a space between the toner supply member and the 
toner carrier, the bias voltage causes movement force owning to an electrostatic force in addition to the mechanical 
movement force. Therefore, toner particles having low electrification characteristic and large particle sizes are, in a 
large amount, allowed to pass through the space between the toner supply member and the toner carrier together with 
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toner particles having the high electrification characteristic. As a result, selective movement of only toner having small 
and intermediate particle sizes to the latent-image carrier can be prevented. Therefore, retention, in the nip portion of 
the toner-regulating blade, of toner particles having large particle sizes can be prevented. Therefore, formation of a 
movement stripe of toner on the toner carrier can furthermore effectively be prevented. 

5 [0147] The toner-regulating member for use in the development unit of the image forming apparatus according to the 
fourth aspect of the invention may comprise a rubber or elastomer having an impact resilience of 10% or higher. 
[0148] The toner T according to the fourth aspect of the invention has been subjected to analysis of toner by the fore- 
going analyzing method. The toner according to this embodiment comprises the external additives which are sprayed 
silica having the surface isubjected to a process for obtaining hydrophobic characteristic. The analysis of toner is per- 

10 formed by using a particle analyzer to perform measurement. The particle analyzer comprises four spectrometers hav- 
ing two types of channels of spectrometers which are adapted to different blaze wavelengths. Therefore, if the 
measurement is performed with different channels, the absolute value of the particle size is deviated and indicated own- 
ing to the difference in the sensitivity of the spectrometer. Therefore, the embodiment of the present invention is 
attempted to prevent deviation of the absolute value of the particle size by defining the channels for use to detect ele- 

75 ments as follows: 

• Mother Particles of Toner T: channel 1 or channel 2 

• External additives (SiOa): channel 3 or channel 4 

20 [0149] The toner particles analyzed as described above are shown such that the axis of abscissa stands for the par- 
ticle sizes (equivalent particle sizes) of toner particles and the axis of ordinate stands for the number of particles having 
the above-mentioned particle sizes: Thus; a normal distribution graph of the particle sizes of toner as shown in Fig. 28 
can be obtained.^ > ^ - fV -v ??■ ": •• ' ' 

[0150] Toner T of the developer for use iri ah erflbodiment of the development unit according to the present invention 

25 is described below. The number of mother particles 1 2 of toner indicated 6n the axis of abscissa of the graphshqwn in 
Fig. 3 (i.e., the total number of particles of toner T having an external additive concentration lower than a:predefermined 
concertrattotfarid particles of toher; T coriposed of mother particles 12 and havingi no Vernal additives ^adhered 
thereto: "number of toner particles having an external^additive concentration tower than aj jxedeterrtiined^concerrtration" 
shown in.Rg. gjB) § the number of overall ^rtides of toner pnun^r of oyerair 

30 toner partid^- sti^ :i > v ^> 

{(count of asynchronous mother partides)/(count of ' w - r ^ 

synchronous mother particles + count of asynchronous mother particles)} X 100 - 30 (% by number) 

[0151] A&m&0&^ 

a predeterriii^ cbnfce^^ 

equivalent partide'size of nofclatoe^^ 

posed of mdtherpartid^2 ^ 
40 mother partidfe'(syh<^ronous"tonerp entire' 

toner partides. v.jrw3 v**vzi t ^ Bnh >-;ckr-jy «r? w^ : C;^^>; *:>y+?*4 ^w^toffiina;- ^:>yOQ\ n«v»« 

[0152] In the developmem unH 40tv according to 

the toner-replatihg ^ 

elastic mett^Wtti^^ 
45 member 40®&^m$^^ 

with the toriai^me^^ 

toner-regulating"memb§r 40iB ^ries d^e^ in the yidnity dif4he c»rtt^ porti^t^^ 

th toner carrier 405 and the toner-regulating rh^mbbr occurs when energy accumulated ' 

inthetoner*^ulatingm^er^^ ^ 

so [0153] In case Where the tOTer-regulating member 406 is used to be brought into contact with the toner at the edge 
thereof as shown in Fig. 29(b), it is preferable that the soft elastic member is arranged to have rubber hardness (hard- 
ness tester according to JIS-A) of 60 or lower. In case where the toner-regulating member 406 is used to be brought 
into contact with the toner with the body thereof as shown in Fig. 29(c), it is preferable that the soft elastic member has 
rubber hardness (hardness tester according to JIS-A) of 30 or lower. 

55 [01 54] The other constitutions of the development unit 401 are the same as those of the conventional development 
unit shown in Fig. 30. 

[01 55] The development unit 401 according to this embodiment employs the above-mentioned toner T. Since toner T 
is employed, the toner-regulating member 406 causes adequate fretting phenomenon to occur. TTius, the toner-regu- 
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lating member 406 is adequately perform fine vibrations. As shown in Fig. 29(b), the toner-regulating member 406 per- 
forming fine vibrations owning to the adequate and fine fretting phenomenon flips toner T. Thus, fixation of toner T to 
the toner-regulating member 406 can be prevented. 

[01 56] The development unit 401 according to the embodiment of the present invention and constituted as described 

s above uses the foregoing toner T. Toner T is arranged such that the number of the mother particles 12 containing the 
external additives, the concentration of which is lower than a predetermined concentration, is 30% by number with 
respect to the number of the overall toner particles. When the above-mentioned toner T exists in the vicinity of the con- 
tact portion between the toner-regulating member 406 made of the soft elastic member and the toner carrier 405, toner 
T causes the toner-regulating member 406 to perform adequate fretting when the toner carrier 405 has been rotated. 

10 Therefore, if toner T is willing to be fixed to the toner-regulating member 406, the toner-regulating member 406 flips 
toner T, which is willing to be fixed to the toner-regulating member 406, owning to the fine vibrations caused from the 
adequate fretting, as shown in Fig. 29(b). Therefore, fixation of toner T to the toner-regulating member 406 can be pre- 
vented. Moreover^ abrasion of the external additives 1 3 owning to chipping can be prevented. 
[0157] The reason why toner T for use in the development unit 401 according to this embodiment causes the toner- 

15 regulating member 406 to perform adequate fretting is described below. When external additives having equivalent par- 
ticle sizes larger than about 0.8 jim are allowed to adhere to the mother particles 12, the major portion of the surfaces 
of the mother particles 12 is covered with the external additives 13. Therefore, the areas in which Smother particles 
12 are made direct contact with one another can be reduced. Moreover, the distances among adjacent toner particles 
can be elongated. Thus, the physical adhesive force can be reduced. To enable toner T to easily move when external 

20 force is exerted* the degree^ freedom in movement of toner T is improved. When the external additives 13 have been 
allowed to adhere to ttie surfaces of the toner-regulating member 406 made of the soft elastic member, toner T having 
improved degree of freedom in the movemeint When the foregoing toners exists jn the, vicinity of the contact portion 
between the toner-regulating member 406 and the toner carrier 405, sliding occurs between toner T and the toner^eg- 
ulating memben406; Thus; the torjer-regulatihg member 406 performs an adequate fretting phenomenon; As a result, 
25 adequate finervibrations occ^ phenomenon. 

[0158] If toner T containing the external addrtives, the concentration of whi^^ is lower than a pr^etiermined concen- 
tration, exist in an amount ^ member. 406xannot <ea^ 
phenomenon to occurs Therefore, ^ 

ciently. When* nonroovered toner composed of jthe mother particles 1 Z which are not covered with th* : 
30 13 and having low degree of freedom in the movemem is allOvyed to, adhere to^ „ 
ment (flipping) of toner T owning to the external force cannot easily be performed. As a result, fixation of toner T to the 
toner-regulating member 406 takes place. h#:^? x \^y.\ t A ; ^ - : ». ^ 

[0159] When only toper T composed of the ^ernal ^ityes 13 which does not adhere to the rpotiier particles 12 
exists in the vicinity of the contact portion betweenthe ton^r-r^ul^ng member 466 and the toner carrier tKe^fihe 
35 particles of the external additives 13 adhere and cover the surface of the toner-regulating member 406 made of the soft 
elastic memter (s^ t electric forger Therefore, , sliding between the. ^e/:nal^ddjtjves 1 3 

allowed to=adhere4o^ 

the coefficient ofifriction between *e tone^egulating: member 4Q6r*lo >wt)idt^ 

aHwedtoadhereahditha^ >. 
40 ulating mender 406 andthe; external additrvesd 3 is raised, the ton^egulating merri>er ; 4^ 

phenomenon to occur in the contact portion between the toner-regulating member 406 and the toner carrier 405. As; a; 

result, the corttatf portion owning tQ^feRing,'.;:.;^,,-,^^ ■;!, 

[01 60] When/bnly ihdn^er^^ toner composed oftthe mother* parfrietes;^ ^dterpal 

additives id&dsgsrin th&victrirty of the contact portibn*betweeri |he ^ 
45 405, the tdirie^^ 

toner adherer to, the,toniBr^egulating?merr*ei:> 406, When thermomechanicalstress Wtepeatedly t exeited on the,non T 
cover d toner allowed, to ^ tc^er is undesirabry changed; As a 

resutt, a<fla^ritM^ .... vr 

[0161] When the development unit 401 according to this embodiment is constituted as described above, the.toner- 
so regulating member 406 performs adequate fretting phenomenon and adequate fine vibrations. As a result, fixation of 
toner T to the toner-regulating member 406 can be prevented. 

[01 62] Examples of the fourth aspect of the present invention were tested. Details of the tests are described below. 
[01 63] In example 1 , sprayed silica having the surface subjected to a process for obtaining a hydrophobic character- 
istic was enrployed. As the toner-regulating member, urethane having an impact resilience of 14% was employed. Toner 
55 particles of five types were tested which had asynchronous toner proportions of 36.1% by number, 23.6% by number, 
19.4% by number, 15.2% by number and 6.8% by number, respectively. The results are shown in Table 1. 
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Table 1 



Tests 


Condition for Addi- 
tion 


Ratio of Asynchro- 
nous Toner (%) 


Number of Prints 
(A4) 


Unevenness in Den- 
sity of Image 


Fixation of Toner 


1 


A 


36 r 1 


500 sheets 


poor 


occurred 


2 


B 


23.6 


5000 sheets 


good 


slightly 


3 


C 


19.4 


10000 sheets 


excellent 


not occurred 


4 


D 


15.2 


10000 sheets 


excellent 


not occurred 


5 


F 


6.8 


10000 sheets 


excellent 


not occurred 



10 



15 



20 



25 



30 



35 



40 



45 



101 64] The regulating member was that according to Example 2-(2). 

[0165] As can be understood from the results of the tests according to Example 1 and shown in Table 1, toner con- 
taining asynchronous toner at the proportion of 36.1% by number encountered fixation of toner after a relatively small 
number of 500 prints was made. As a result of occurrence of fixation of toner, unevenness in the density of the images 
occurred. Toner containing asynchronous toner at the proportion of 23.6% by number encountered slight fixation of 
toner after 5000 prints were made. However, no unevenness in the density of the images occurred: Substantially no 
influence was ejected On the image quality. Three types of toner containing asynchronous toner at 19.4% by number or 
lower were free fro^ fixation of toner after 10,000 prints were madia: Mbreover; ho unevenness in the density, of ^ 
images occurr^. TTierefbre; use ^the ton^-regulatirt0 member made of Urethane having the impact r^iliehce of 14% 
enabled fix&tioh'<« toherto !^ of tHapreserit invention in whi* the prc^rtibn of the ] 

asynchronous tbrter wai 30% by riumber 6r lower. Moreover, unevenness- of the density off images which* exerts an 
adverse iriflu^^e on image qua^ 
or lower, satisf^i^ 
the density of irtteg^^ 

satisfactory results were obtained. It is preferable that the proportion is 20% by number or lower. L>#mfcte 
Example 2 : y< ' 7 



[0166] In Example 2; sprayed silica having the surface subjected to a prc^e^ fbr obtaining a hydrophc^c character- 
istic was enjoyed as the external additive. Moreover, toner having the proportion of asynchronous toner of 1 9.4% by 
number was 

ience of 0%r^th^ h^irig ah impact •ffeilfence of 14% and ah iriipact resilience of 35%: The results are shown in 



Table 2. ' %^&b<'W^ VtnQte:t$,r& ^-^li^p^i^f 









: /^^-iTabie^-Vv .^..-ru 








Tests 




Toner 


-NUiTt^dfPHKte H 




^Wx^tici«a<T0nler 


; . ' > 
















1 


0%(SUS) >v 




n t 9 ^^^sh0etR ; n?M 








2 






^^OOCiOsfieets^^^ 




; v, . .- . v. i.. 




3 


.35 (urethaqe) 




; 1000Q sheets 























[0167] As can be understood from the results or bxarr^ie d snown in lacwe c, me use m me lonemeyuwuny imci^- 
5<? made ofSUS having the impact resiliehce of 0% encountered fixation of toner after 5000 prirtte were made if toner hav- 
ing the proportion of asynchronous toner of 19.4% by number. Moreover^ unevenness in the densi^ 
occurred. When the toner-regulatingj member made of urethane mert*ers having the impact resilience of 14% and 
35%, respectively, no fixation of toner occurred and no unevenness in the density of the image occurred after 10000 
prints were made. Therefore, use of toner having the proportion of asynchronous toner of 19.4% by number enables 
55 fixation of toner and unevenness in the density of images to be prevented. 
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Example 3: 

[0168] In Example 3, sprayed silica having the surface subjected to a process for obtaining a hydrophobic character- 
istic was employed as the external additive. Moreover, toner having a proportion of asynchronous toner of 19.4% by 
5 number was employed. In addition, a toner-regulating member made of the urethane having the impact resilience of 
14%. Thus, occurrence of fretting phenomenon was observed in two cases including a case (Test 1) in which the toner- 
regulating member made of the urethane having the impact resilience of 1 4% and toner T was brought into contact with 
the edge of the toner-regulating member as shown in Fig.29(b) and a case (Test 2) in which toner T was brought into 
contact with the body of the toner-regulating member as shown in Fig. 29(c). The results are shown in Table 3. 

10 



Table 3 





Testl 


Test 2 


Regulating Member 


contact with edge 


contact with body 


Hardness of Rubber 


60 or lower 


30 or lower 



[01 69] As can be understood from results of tests according to Example 3 shown in Table 3, the contact with the edge 
20 employed in Test 1 encountered easy occurrence of fretting phenomenon when the rubber hardness (the hardness 
tester per JIS-A) of the soft elastic, member of the toner-regulating member was 60 or lower. .Therefore, adequate fret- 
ting enabled the effect of flipping toner to be obtained. In.the <»se of Test 2 in which the contact with the tody encoun- 
tered a feet thatadequate.fr etting was not obtained when the riijber hard^ 

soft elastic member of the toner-regulating member was raised. Therefore, asoft elastic member having a rubber hard* 
25 n ss lower than that of the soft elastic member which was employed to the contact with the edge in Test 1 was required; 
In actual, the jsoftielastic member must have a^ubber hardn^s$ of 30 ox ^ Iow^ prefei^yi20 : or lower. ^yi/ten^e^GQft- 
elastic member having the rubber, hardness of 30 or lower was employed, slight deformation occurred in the contact 
portion with the toner carrier. As a result, adequate fretting oa^rred. The adequate i fretting enaW effect of flipping 
toner to be obtained. ^..v. •-■ :?"^iiK«v i \ r-Mk<y/vi vi;M*n,-'*ktar^*i£ - i - v vi-ivvis^'C* ;^v- • t •. 

30 [0170] In the foregoing embodiments, the state of adhesion between the mother particles and the external additives 
of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course, any . 
toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent particle 
sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire toner 

particles.-^ :-i ' % r -4i : «SL* ■ , •• ■>>■■■ . !: ( /r?;« l^itjl? !,;•, 

35 [01 71 ] The,de\^lppment unit ac^ invention js not Hmrted to the devetopmert 

unit 401 shown in. Fig. 30. The preset inversion may be applied to any one of deve^^ 

unit comprises the toner carrier 405 arid the toner-regulating member (including members besides this toner-regulating 
member 406). 

[01 72] The external additives according to the fourth aspect of the present invention is not limited to silica fine particle. 

40 A variety of materials may be employed, as described above. Whehthe toner analyzing test is performed, the emission 
spectrum selected in accordance wrth the material of the 

external additives. Thus, a similar m^ur^ement can be made by ijsing exterhal additives other than sific£ ; Wheri tita- ' 
nium oxide is employed to serve as the external additives, the emission spectrum of Ti must be detected and proc-* 
essed. Whenaiuft^^ i"WlJ$v'-/ x 

45 [0173] ^<^{^^!§^^ 

the present invention has the constitution that the developer contains toner in which the concentration of the External 
additives is 16^'$^ and the ratio of which is not high©- than 30%by riumber^with 

respect to the entire toner particles, and the toner-regulating member is a toner-regulating member comprising a soft 
elastic member- .Therefore, the toner-regulati caused to perform ad^uate fine yibrations own^ ade- 

so quate fretting; Thus; toner allowed to adhere to the toner-regulating member is flipped. Thus, fixation of toner to the 
toner-regulating member can be prevented. As a result, unevenness in, movement of the developer which is performed 
by the toner carrier can be prevented. Moreover, occurrence of unevenness in the density of the images in the form of 
a longitudinal stripe caused from the unevenness in the movement can be prevented. 

[01 74] Since fixation of toner to the toner-regulating member can be prevented, also fixation of toner to the toner car- 
55 rier can be inhibited. Thus, the durability of the development unit can be improved. Simple supply of the toner enables 
the development unit to be repeatedly be used for a long time. 

[0175] Since the toner-regulating member is simply made of the soft elastic member, the structure of the toner-regu- 
lating member can be simplified. Thus, the cost of the toner-regulating member can be reduced. Since the necessity of 
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wearing the toner-regulating member can be eliminated, the toner-regulating member can be used for a long time. 
Thus, the durability of the development unit can furthermore be improved. 

[01 76] Hence it follows that the development unit according to the present invention is able to quicWy form images in 
a large amount for a long time. Moreover, images having excellent image quality can be formed. 

5 [01 77] The toner-regulating member for use in the development unit of the image forming apparatus according to the 
fifth aspect of the invention may comprise a rubber or elastomer having an impact resilience of 10% or higher. 
[0178] The toner T according to the fifth aspect of the invention has been subjected to analysis of toner by the fore- 
going analyzing method. The toner according to this embodiment comprises the external additives which are sprayed 
silica having the surface subjected to a process for obtaining hydrophobic characteristic. The analysis of toner is per- 

w formed by using a particle analyzer to perform measurement. The particle analyzer conprises four spectrometers hav- 
ing two types of channels of spectrometers which are adapted to different blaze wavelengths. Therefore, if the 
measurement is performed with different channels, the absolute value of the particle size is deviated and indicated own- 
ing to the difference in the sensitivity of the spectrometer. Therefore, the embodiment of the present invention is 
attempted to prevent deviation of the absolute value of the particle size by defining the channels for use to detect ele- 

15 ments as follows: 

• Mother Particles of TonelfT: channel 1 or channel 2 

• External additives (SiOa): channels or channel 4 

20 [01 79] The toner particles analyzed as described above are shown such that the axis of abscissa stands for the par- 
ticle sizes (equivalent particle sizes) of toner partides arid the axis of ordinate stands for the number of particles having 
the above-meMoned particle sizes. Thus, a horrtel distribution graph of the particle sizes of toner as shown in Fig. 32 
can be obtained. v ;W:^v;ov ■ 

[0180] Toner T for iise in ah embodirhent of the fifth aspect of the present invention is described below. The mean 

26 particle size df the entire toner particles indicated with ah one^ot-and^dash line in Fig. 32 and the mean particle size 
of asynchrphbus toher Articles phdicatied ohlhe axis of abscissa shown in Fig. 3; that is, particles of toner T in which 
external additives 13, the concentration of which is lower than a predetermined concentration, are allowed to adhere to 
the irother^ftid^ 

allowed to kJhere> ihdi^^ 32 satisfy the fondwing rei^onship* ^ <:^m~ 

wherein D1 repr^erits the mean particle size of the entire toner particles and D2 represents the mean particle size of 
toner partid^ ^m^ed 6f rrtbther p^icl^dSfflairiii^ a 
35 predetermin^^rtc^ratioii. ■ ' "'■ f ' u t? " r - — " ' ■ *-^--v^ . 

[0181] As may be understood from the above, the toner particles having an ex^ 
apredeterrftn^^ 
in wHdidtfH^ 
mothefpdffi^ 

40 thereto. The sum off the count of synchronous mother particles (synchronous toner partides) and the cocifrf of Asyn- 
chronous moth#^ nofruvni u r^&^M ^ ^r>r^ 
[0182] Toner T constituted as described above and according to the f ifth aspect of the present invention is arranged 
such that the ratio of the mean particle size of the entire toner particles and the mean particle size of the mother parfr 
cles 12, in which the concentration of the external additives is lower than a predetermined concentration, is less than 2. 

45 The ratio ; df|&i^ teri^tfdi^^ 

mined vauife^ '* ' ' u - 

[0183] Tr^^ailon Vrt^^ j^riid^ £ size of toner % 1H 'which tH£ icbht^ratiori of the extemal^additives islowerthan 
a predetermined concentration, has a reduced ptyftfttrt feiies is described below: 

Originally, the external additives 1 3 easily adhere to the mother particles 1 2 when the specific surface of the mother par- 

50 tides 12 is large and the particle size of the same is small. Since mother particles 12 having the small partide size fre- 
quently secondarily coagulated with one another, the external additives 13 cannot easily be allowed to adhere to the 
mother particles 12 secondarily coagulated and having the small particle size. Therefore, the mother partides 12 sec- 
ondarily coagulated and having the small partide size encounter reduction in the coverage of the external additives 13. 
Thus, a sufficiently high concentration of the external additives cannot be realized. In actual, the mother partides 12 

55 existing as single partides and having large partide size are easily covered with the external additives 1 3. Conventional 
toner encounters a fact that toner T, in which the concentration of the external additives is lower than a predetermined 
concentration, is toner having small particle sizes. Toner T according to the present invention is constituted such that 
mother particles 12 of toner secondarily coagulated and having the small particle size are covered with the external 
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additives 13 with priority. To achieve this, the external additive addition process is performed under optimum shearing 
strength with which mother particles secondarily coagulated and having the small particle size are pulverized. H the 
shearing strength is excessively large and the duration of the process is too long, there arises a problem in that the 
external additives 13 are embedded in the mother particles 12. When the shearing strength which is exerted on the 
mother particles 12 and the external additives 13 during the external additive addition process and the duration of the 
process are optimized, the mother particles 12 having small particle size are covered with the external additives with 
priority without embedding of the external additives 13 in the mother particles 12. When the mother particles of toner is 
subjected to the external additive addition process, the particle size of toner T in which the concentration of the external 
additives is lower than a predetermined concentration can substantially be enlarged. 

[0184] When toner T is allowed to adhere to the toner-regulating member 406 owning to physical adhesive force in 
the vicinity of the contact portion between the toner-regulating member 406 and the toner carrier 405, thermomechan- 
ical stress is exerted on toner T owning to repeated rubbing and sliding between the toner-regulating member 406 and 
the toner carrier 405 which moves at high speed. In the foregoing state, the thermal capacity of toner T is enlarge 
according to the large particle size. Thus, thermal deformation does not easily occur. When the particle size is further- 
more enlarged, movement easily occurs owning to flow of toner. Therefore, thermomechanical stress exerted from out- 
side can easily be dispersed to the surrounding portion. Thus, the effect of preventing change in the shape of toner can 
be improved. If the toner carrier 405 which is moved at high speed is brought into contact with the toner-regulating 
member 406 through toner T, the phenomenon that toner T adheres to adjacent toner particles and the surface of the 
toner-regulating member 406 can be prevented. Thus, fixation of toner T to the toner-regulating member 406 can be 
prevented. As a result, uneyenness in the movement of toner T can be prevented. 

[0185] The development unit 401 employs toner T as the developer. Therefore, fixation of toner T to the toner-regu- 
lating member 406 does not easily occur. Therefore, durability of the; development unit 401 can be improved. Simple 
supply of toner T enables the development unit 401 to repeatedly be operated for a long time. 
[0186] Toner T and the development unit 401 according to this embodiment are free from unevenness in the move- 
ment of toner T caused from the toner carrier 405. Therefore, unevenness in the density, of the images in the form or a 
longitudinal stripe caused from the unevenness in the movement can be prevented. Thus, the image quality can be 
irrproved.v^\:'*:i^Wi : /-a ■^f^'^'^^s^v* : ... .•• * ~- - , . ■ - . . . ... \- ■ • ,., yV , - . >: - 

[0187] Toner T according to the fifth aspect of the present invention is : ^n^ 
secondarily coagulated and havingtfhe smalj/particle size are covered yytth4foe ^ 

achieve this, the external additive addition process is performed under the condition of the shearing strength with which 
the mother particles secondarily coagulated and having the small particle size are pulverized. The shearing strength 
with which the mother particles 1 2 secondarily coagulated and having the small particle size are covered with the exter- 
nal addrtives>1 $ isitpp larger the mother particles, 12 having large particle si?es. Therefore, there arises ja prcWeim in 
that the external ^ ^(^rj^ac^By^s ^Jd, are 

again added after the mother particles 12 have been covered. Then, small shearing strength is set to be small strength 
and a post pritrc^ :i " • . ;V<i ;;^W//V£v. , 

[0188] ft is:pr<eferabte 
or the like. Ihe external addrt 

which is thejexternal.ariditivesj 13y^<Jdecl firsts The partipleisize^ir^ 

additives 13^a<jdedfirsk m ^*m<^>< n>^.;v^-> *ur- *, ■ io** .^v;,. i: . it , ViS .,- :: . c 

[0189] Examples of the fifth aspect of the present invention were te^ed. Details of ^ , 

Example 4ni>q>HfttP.> ^ F-/StA<±~-\ .-■•.t./^ 'r-j'.jruv* i« fif;: ^J.v- £ i.. m ■ r > 'i'^i. ..r k-..v.Vi -3 i; ?• 

[01 90] In Example 4, .six;^ such that the ratio P1/D2 of the 

mean particle size D1 of the entire toner particta&a^^^ 

mother particles in which the concentratibn of the eternal a^itiv^ was low was 
varied to 2.07-1.92, ;1.72, 1.70, 1.67 ar^ 



Table 4 



Tests 


Additive 


DT/D2 


Number of Prints (A4) 


Unevenness in Density 
of Image 


Fixation of Toner 


1 


A 


2.07 


200 sheets 


poor 


occurred 


2 


A 


1.92 


1000 sheets 


fair 


occurred slightly 


3 


A 


1.72 


10000 sheets 


good 


occurred slightly 



28 



EP 0 977 092 A2 



Table 4 (continued) 



Tests 


Additive 


D1/D2 


Number of Prints (A4) 


Unevenness in Density 
of Image 


Fixation of Toner 


4 


A 


1.70 


10000 sheets 


excellent 


not occurred 


5 


B 


1.67 


10000 sheets 


excellent 


not occurred 


6 


C 


1.45 


10000 sheets 


excellent 


not occurred 



io 10191] As can be understood from results shown in Table 4 and according to Example 4, toner having the ratio D1/D2 
of 2.07 encountered fixation of toner even after a small number of prints 200 sheets were produced. Since fixation of 
toner occurred, unevenness in the density of images occurred. Toner having the ratio D1/D2 of 1.92 countered slight 
fixation of toner after 1000 sheets were printed. As a result of the fixation of toner, unevenness in the density of the 
images occurred to a degree with which substantially no adverse influence was exerted on the image quality. Toner hav- 

75 ing the ratio D1/D2 of 1 .72 encountered somewhat fixation of toner after a relatively large number of 10000 prints were 
produced. However, substantially no unevenness in the density of the images occurred: Thus, substantially no adverse 
influence was exerted on the image quality. Three types of toner havingthe ratio D1/D2 of 1 .70 or lower were free from 
fixation of toner after 10000 sheets were printed. Moreover, no unevenness in the densityof the images occurred. 
Therefore, when the ratio D1/D2 is lower than 2, substantially no fixation of toner occurred and also no pnevenness in 

20 the density of the image which exerts an adverse influence on the image quality occurred. In-particular, the rafo,D1/D2 
is 1 .7 or lower, no fixation of toner occurred and no unevenness in the density of the image occurred. As a result the 
ratio D1/D2 must be smaller^ 

[0192J In the fbregoing. embodiments; ^ the state of adhesion between the rrK^ and the external additives 

of toner is tinyyzW>^the ; toner^anayzing method disclosed in the foregoing collection. As a matter.of course, ;any 
25 toner analyzing method niaybe employed if the method is able to obtain the mean particle size of the equivalent particle 
sizes d the synchronized toner pailicle^ mean particle size of the equivalentpartde>sizeS)Of^e errtire toner 

■ particles..? <\ ; ic^y&-c,^ -v': ;-;--v r . . -^ ; ., ^V'-C':"^ •••■• v :-^ K -> : .' 1 '^ '^yy': y 'y ■■• 

[01 93] The devetopme*unitiaccordihg to the f ifth aspect of i the presert in^ 

unit 401 shown in Rg. 29. tfheipresert invention may^te one ofidevelopment iunitefifithe development 

30 unit conpris^ at 1^ the toner ca^ member ;(ihdudingi membersjbesides the toners 

regulating member 406): : it a if-n^-H? V r^uir-**** v» ^o-riw* r, h^-r -rj k* > * 

[0194] > The^ekternal additives According to the fifth 
A variety of mato^ 
spectrum tfihee^ 

35 external additives.^i^^ made by using external additn/eslother tten^ a 

nium oxide is employed to serve as the external additives, the emission spectrum of Ti must be detected and proc-. = 
essed. Wheri ataftiha?i^^ 
[0195] : , Asf^ribeurriei^^ 

tion has the institution Ih^^e i^p^he\m^ particle .size-dfithe e^i'e toner^partides andtthemean pafticle itifemq 
40 of toner particle® whypspdxti the mother partideis in which the conceiT^ 

predetermined/ l&rt<&^ partide.size of tonettirt'which ^ r 

additives is lower thah th? predetem^n^ concentration (^substantially be enlarged fAs a^result if thermomechanical l r 
stress is exert^onlto^ 

change in the shape of toner can be prevented. .fc©ni*feto-^-«;i83 
45 [0196] If ttie^fter^ 

through toner/ adhesion 'df toner to adjacent toner particles ahd the Surface of the toneKegulating member can be pre- 
vented. Therefore, fixation of toner to the toner-regulating merrt>er(^ 

merrt of the developer^ - 'r • ^ v • ^ 

[0197] The devfeibpm^ uhit aawdihg to the f ifth aspect of the present iriVention uses toner ^ described above. 
so Therefore, fixation of toner to thfe tohe^egulating member can be prevented. As a result; the durability of the develop- 
ment unit can be improved. Thus, simply supply of the toner to the development unit enables the development unit to 
repeatedly be operated for a long time. a 

[0198] Toner and the development unit according to the present invention are able to prevent unevenness in the move- 
ment of the toner caused from the toner carrier. Moreover, occurrence of unevenness in the density of the images in the 
55 form of a longitudinal stripe caused from the unevenness in the movement can be prevented. As a result, an excellent 
image quality can be obtained. 

[0199] The equivalent partide size is usually expressed by cube-root voltage. When intensity of certain emission 
spectrum must be converted into a voltage level to perform data-processing of the intensity, the simple conversion of 
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the intensity of the emission spectrum into the voltage level encounters excessive enlargement of the range of the 
numeric value. Therefore, the cube-root voltage is employed. The cube-root voltage is a cube-root voltage of voltage 
obtained by converting the intensity of emission spectrum into the voltage. The cube-root voltage is a value correspond- 
ing to the particle size, that is, the equivalent particle size. 

5 [0200] To obtain an absolute particle size from the equivalent particle size given as the cube-root voltage, that is, to 
obtain a mean volume particle size, the cube-root voltage must be converted into an absolute particle size. The abso- 
lute particle size can be calculated from a relationship: cube-root voltage x p (a coefficient) = absolute particle size . 
The coefficient p which varies depending on the substance which must be measured and obtained for each measure- 
ment. When the coefficient p of silica (SiO^ for use in the foregoing toner analyzing method is obtained, silica having a 

io large particle size (particle size: 1 0 Jim) for use in liquid crystal is measured by using a coulter counter. Thus, the abso- 
lute particle size of silica is obtained. Moreover, the same silica is measured by a particle analyzer (for example, 
PT1 000 manufactured by Yokogawa Electric Corporation) to obtain the cube-root voltage. In accordance with the fore- 
going relational expression, the absolute particle size is divided with the cube-root voltage. Thus, the coefficient p can 
be obtained. Then, a conversion graph between the cube-root voltages of silica and the absolute particle sizes of the 

is same is produced. The produced conversion graph is used to obtain the absolute particle size of silica from the cube- 
root voltage obtained from the measurement That is, the mean volume particle size can be obtained. 
[0201 ] When the equivalent particle size (the cube-root voltage) of the equivalent particle obtained from the emission 
spectrum of each of the mother particles and the ©eternal additives is plotted for each particle of toner T, a graph show- 
ing the distribution of equivalent particle sizes of the toner particles as shown in Fig, 33 can be obtained. 

20 [0202] The graph shown in Fig. 33 has ah axis of abscissa which stands for equivalent particle sizes of the mother 
particles and ah axis of ordinate which stands for equivalent particle sizes of the external additives. Tile equivalent par- 
ticles indicated on the axis of abscissa represent asynchronous mother Articles to which the eternal additives are hot 
allowed to adhere. On the other hand,the equivalert particles indicated on the axis erf o^ represent asynchronous 
external additives liberated from the mother? particles. Equivalent partides d watai from the axis of abscissa- and the 

26 axis of ordinate irnJicate synchronized toner T having^^^^ mother particles. 

[0203] The distribution graph of equivalent partide sizes of to^ shown in Fig. 33 is used to analyze as state 

of adhesion of the external additives to the mother partides 12 of toner T. To perform the analysis, one approximation 
straight lirie a is us^^ distribution of the external additives 

of the rrwther particles 12 and v^ibh is obtained by the origin; as shown 

30 in the drawing- Th£ indinatioh (equivalent partide size of the external additiv^equivaierit partide^siz© of the mother 
partides: tan 9) of the approximation straight line a indicates the concentration of the external additives fallowed to 
adhere (synchronized With^the mother part the con0rtotibrr<rf the external additives 13 is lowered as 

the indination 6 is reduced; In thefbregoing case, the amount of ^e synchronize 13 is swiall and 

also the partide size is s^alt ^ <x>ncentratipn of the synchronized external a 

as tives 1 3 rais^. lrt the foregoing 

sizeislarg& ? M'^ ^,r-^- : , vfrfaj:*: ^A\^+N^[K&&i-\* ■ / 

[0204] To indicate the size of the coagulated external additiv^ to perform the ahah *\ 

ysis of ton6PT, cumulative r^lative^ additives which areiisyh^ 

mother partide&tfftone^^^ 

40 the asynctorondus^xternal ^dditiv^ with^res^^ to the equivalent partide* size§ (the mfo&rodt voltage) of the asyn- 5 
chronous external a<#it^^^ the sis of ordmate^prbduced 

50% value^of the emulative 

cumulative relative tfr^uehcy with r^pect to the cube*root voltage corresp^ partide ^ize of thetexternal 

additives can be obtained. * ... tet&w*\ tts^fc* *.\ t 

45 [0205] Tdrter Tmccdrding taan first.enhbodiment in the si^aspectofcthe present invention comprises a plurality of 
mother particles and a plurality of external additive particles allowed to adhere to the mother particles, wherein an indi- 
nation (particle siz^ of the external additives/^artide sizes of the mother particles: Ian 8) <rf an apprwmation straigW 
line a concerning the concentration of the synchronized external additives is not smaller than 04. aiid ^e^p^ptJot 
liberated external additives is1;0wl% or higher. The amount of the liberated external additives is the: ratio of -^e lfoer- 

50 ated external additives which is asynchronous with the mother particles of toner positioned on the axis of ordinate of 
Fig. 33, based on the overall amount of the mother partides of toner and the external additives. 
[0206] The image forming apparatus using toner T according to the first embodiment may be a full color and interme- 
diate transfer type color printer as shown in Fig. 41. Also another image forming apparatus other than the printer; an 
image forming apparatus other than the intermediate transfer type apparatus, an image forming apparatus for forming 

55 one to three color images may be employed. That is. any one of image forming apparatuses may be employed if the 
apparatus is arranged such that an electrostatic latent image on the OPC is developed with toner T to form a toner 
image on the OPC so as to transfer the toner image on the OPC so that a toner image is formed on a transfer member. 
[0207] A process using toner T according to the first embodiment to form an image by the color printer 601 shown in 
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Fig. 41 is described below referring to, for example, the case where silica (Si0 2 ) is employed as the external additives. 
The operation of the color printer 601 to form an image by using toner T according to the first embodiment is the same 
as the operation of the color printer 601 which uses conventional toner shown in Fig. 41. The above-mentioned consti- 
tution of toner T according to the first embodiment causes the difference to occur. The color printer 601 using toner T 
5 is different from the color printer 601 using conventional toner in the state of movement of toner from each of develop- 
ment roller 603a, 604a, 605a and 606a to the OPC 602. Moreover, a state of movement of toner from the OPC 602 to 
the intermediate transfer medium 607 and a state of movement of toner from the intermediate transfer medium 607 to 
the transfer member 612 are different. 

[0208] Similarly to the conventional color printer, in the color printer 601 using toner T according to the first embodi- 
10 ment, silica-covered toner and liberated silica (Si02) in the development units 603, 604, 605 and 606 are. on the devel- 
opment rollers 603a, 604a, 605a and 606a, electrified with development bias voltage V b , and then moved to the OPC 
602. In the color printer 601 according to the first embodiment, electrified liberated silica exists in the form of coagula- 
tion and in the form of adhesion to silica of the silica-covered toner. Liberated silica in the form of coagulation moved to 
the OPC 602 and having a small particle size and light weight is exerted with an influence of a negative electric field of 
is the latent image on the OPC 602 before silica-covered toner on the development rollers 603a, 604a. 605a and 606a is 
made contact with the latent-image portion of the OPC 602. Therefore, foregoing liberated silica is moved prior to the 
movement of silica-covered toner to be allowed to adhere to the OPC 602 so as to be developed. Then, silica-covered 
toner on the development rollers 603a, 604a, 605a and 606a is moved from the development rollers 603a, 604a, 605a 
and 606a to the OPC 602 when the foregoing development rollers have been brought into contact with the latent image 
20 portion of the OPC 602 so as to be allowed to adhere. Thus, the latent image on the OPC 602 is developed. At this time, 
silica-covered toner allowed to adhere to the OPC 602 is placed on liberated silica previous allowed to adhere to the 
OPC 602. In the foregoing state, liberated silica allowed to adhere to the OPC 602 and silica-covered toner are moved 
to the intermediate transfer medium 607 applied with positive voltage. 

[0209] Liberated silica on the OPC 602 moved to the intermediate transfer medium 607 is exerted with an influence 
25 of the positive electric field of the intermediate transfer medium 607 before silica-covered toner on the OPC 602 is 
brought into contact with the intermediate transfer medium 607. Thus, liberated silica is moved prior^tp the movement 
of the silica-covered toner to be allowed to adhere the intermediate transfer medium 607. Since liberated silica previ- 
ously allowed to adhere to tberORC ^ is, atthi^ 

area of contact between silica-covered toner and the OPC 602 is reduced. Thus, silica-covered toner can easily be sep- 
30 arated from the OPC 602. Moreover, the distance from the OPC 602 to the silica-coyered:toner is ejpfig^j^ Jf^?fpre» ^ 
the mirror force which acts on silica-covered toner has been weakened. Therefore, siRGara>vered*OTer rpnitfie O|4602 c i 
is able to easily move and allowed to adhere to the inte 607. That is, liberate^ silica?preyious 

allowed to adhere to the OPC serves as a lubricant c i v '.'w? .w J ." v- ^ v ;:^hk-1^-- *•■• ; " - 

[0210] Silica-covered toner allowed to adhere to the intermediate transfer medium 607 is placed on liberated silica 
35 previously allowed to adhere to the intermediate fran^ n^ium^ 
going state, liberated sffi&>^ 

moved to the transfer member 612 by the intermediate transfer medium 607. ::: ;f i- *■ .vvv&> - 
[0211] Similarly40*e^s*^ 
medium 60ft has toe^<^ 

ao liberated silica serves^fth^lttorica^ * 
607 is easilyfmoved owning^ 

allowed to adhere to the transfer member? 61 2; Thus, foe toneoin^ 

diate fransfermedji^ men*e^612ko 4 A & mim m *tav*}.» 

[021 2] As described above, toner T according to the first ^mbodimeht is^no^^^h th^t<th^ in^ir^tipn ^(partlple o ^ 

45 sizes of the/external addft by^4e9ft^quare; i 

method is not smaller than 0.4. Moreover, the amount of liberated externalr additives is) 1 ;0 wt% or higher Therefor^r 
liberated silica furthermore effectively serves as the lubricant. Therefore, the transfer eff idency can be improved owning 
to improvement in the separating characteristic of the toner image when the transfer is performed. Therefore, occur> 
rence of unevenness in the color owning to missing of an intermediate portion can reliably be prevented regardless of 

so the type of the transfer member 612 including rough paper. 

[021 3] When silica-covered which silica has deteriorated owning to use for a long time has been brought to a state in 
which silica is separated from the mother particles by a stirring member or the like in the development unit toner 
according to this embodiment causes a state in which liberated silica to exist. Therefore, supplement of silica to the 
mother particles in which silica has been separated can effectively be performed. Therefore, an efficient transfer char- 

55 acteristic can be maintained for a long time. Thus, stable color development can be realized. 

[0214] The external additives according to the present invention is not limited to silica fine particle. A variety of mate- 
rials may be employed, as described above; When the toner analyzing test is performed, the emission spectrum of the 
elements, which must be detected, is appropriately selected in accordance with the material of the external additives. 
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Thus, a similar measurement can be made by using external additives other than silica. When titanium oxide is 
employed to serve as the external additives, the emission spectrum of Ti must be detected and processed. When alu- 
mina is employed, the emission spectrum of Al must be detected and processed. 

[0215] If the amount of liberated silica is determined as described above, the liberated silica is able to reliably exhibit 
s the function as the lubricant. If the amount of liberated silica is enlarged, the development roller, the OPC 602 and the 
intermediate transfer medium 607 easily encounter filming of silica. In this Case, silica cannot be sufficiently remved by 
the cleaning blade. Therefore, it is preferable that the amount of liberated silica is 5.0 wt% or lower. 
[0216] Examples of the sixth aspect of the present invention were tested. Details of the tests are described below. 

10 Example 5 : 

[0217] Four toner samples (1), (2), (3) and (4) shown in Table 5 were used to perform image forming tests using the 
color printer 601 as shown in Fig. 41. Moreover, toner was analyzed by using particle analyzer PT1000 manufactured 
by \bkogawa Electric Corporation. 

15 

Test Conditions: 

[0218] 

20 Environment for Measurement: 

temperature: 23°G ^ 
humidity: 65% RH 
Mother Particles: 
polyester • 

Amouht of Added Silica (wt%) 

small particle-size silica (particle size: 10 nm)/ large particle-size silica (particle size: 40 nm) 

30 Voltage (V|) to Elecrtrifyi KV ; v ^ k/ ^ / o 

Surface P<^entialV6 of OPC 602 ^570 V ; * < f^.-a-l - r ^j^iAha^ V;t .-, : , - 

Surface Potential ^ 

Development Bias V b = -120 V (common to the four colors) 
35 [0219] Artij^p^ 

[0220] PHMIV^Tfeti^^ * -300;)iAto :+ 100 jiA according to electric 

resistance of intermediate transfer medium 607) • '■'■^■fr^^iv^n,^ r vtf % ? -fti*^ f v-* tern*-* s*-v. ■ 

[0221] Al6b the sui^c^ potential of the intermediate transfer medium 607 is made to be almost the same level. The 
amount oftt^FV^ihfai^^ 

40 607 is 1.1 ffijg^?. Theref^^ 

[0222] Current 1^ when secondary transfer current is controlled to be a constant cunrent = +30 ftA (secondary transfer 
bias Vt2 cart aert^ v • of v-r^in 

[0223] Lower-limit bias Vg for secondary transfer = +1000 V (transfer current l^ at this time can automatically be var* 
ied to+36o^&#fc^if^ & e«ibw/>« If *s*.>j^*tocte mc?m*o 

45 [0224] S^ridary transfer bias roller 607a when the toner image fe 

from the Wsi^ ; ^ ■ r- i «■> :-k >tfU-W--> 

Transfer Member: 

so [0225] 

XEROX4024 as plain paper 

NEENAHBOND (U.S. A) Model No.02700 as rough paper 

55 [0226] Intermediate Transfer Medium: A belt is employed which has a structure that aluminum is evaporated to a sub- 
strate made of PET, followed by coating the substrate with a coating material having resistance adjusted with a conduc- 
tive material. In the foregoing case, ends of the belt were formed by applying a carbon electrode layer on the aluminum 
layer in place of the coating material. The primary transfer bias V t1 is applied from the caibon electrode layer at the end 
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of the belt to the intermediate transfer member. 

[0227] Cleaning Blade: Both of blades for the OPC and intermediate transfer belt have a structure that urethane rub- 
ber is bonded to a metal plate to clean substances at the edge of the rubber. 

[0228] Results of tests are shown in Figs. 35 to 40. In the foregoing case, Fig. 35 is a bar graph corresponding to Rg. 

5 34 showing sample (1). Fig. 36 is a graph showing distribution of equivalent pariicl sizes corresponding to Fig. 33 
showing sample (1). Fig. 37 is a bar graph corresponding to Fig. 34 showing sample (2). Fig. 38 is graph showing dis- 
tribution of equivalent particle sizes of toner particles and corresponding to Rg. 33 showing sample (2). Rg. 39 is a bar 
graph corresponding to Rg. 34 showing sample (3). Fig. 40 is a graph showing distribution of equivalent particle sizes 
of toner particles and corresponding to Rg. 33 showing sample (3). 

io [0229] In accordance with results of the tests shown in Figs. 35 to 40, inclinations e of the approximation straight line 
and mean volume particle sizes of liberated silica were obtained. The results are shown in Table 5 for the cases where 
multilayer-transfer to rough paper was performed. 



Table 5 



Sample 


Amount of Added 
silica (wt%) 


Inclination of 
Approximation 
Straight Line a 
(concentration of of 

silica synchro- 
nized with mother 
particles of toner 


Amount of Liber- 
ated Silica (wt%) 


Efficiency of Sec- 
ondary Transfer to 
Rough Paper 


State of Transfer 


0) 


2.0/0.7 


0.541 


3.72% 


90% 


excellent 


(2) 


1.6/0.7 


0.537 


1.72% 


86% 


good 


(3) 


2.0/0.7 


0.467 


2.32% 


88% 




(4) : 


1.5/0.7 


0.393 


1,60!% 


h.v n t83% 


fair 



30 ••••V ? 

[0230] Excellent: No color missing owning to defective transfer was observed, that is, transfer was excellent because 
of no difference from plain paper. . .. 

[0231] Good: Local coior missing owning to defective transfer was observed. However, results of transfer was fine. 
[0232] Fair: Transfer was unsatisfactory in regions in which color missing owning to defective transfer was conspicu- 

35 OUS. . ' Z '* ■ . ■ 

[0233] *: Amount of added silica shown in the table was small-size external additives/large-size ©eternal additives 

• (wt%) " : ',£'-*"' : " r ■'' ';' '-'\^a f " 

[0234] As can be understood from Table 5, comparison between samples (1) and (2) resulted in a fact that the den- 
sities of silica synchronized with the mother particles of toner were substantially the same. Moreover, the particle sizes 
40 of liberated $R6a w6re substantially thei same. At this time, the amount of liberated silica of sample (1) was larger^than 
that in sample (2). The efficiency of the secondary transfer to the rough paper withisanripfe(1} was^higher thanithe effi- 
ciency with ^ffrt^le {2): That is; if th^ densities of silica which was synchronized with the mother particles of toner and 
the particle sizes of liberated silica were substantially the same, the efficiency of the secondary transfer was improved 
as the amoUWdf ifoeraf^ 

45 the small partly 01)r(tMaris^the'metl^ c^^ihg^e i^rr^ a^^ 

fives was changed). Thus, raising of the concentration of silica-covered toner to that of sample (1 jwas permitted! How? 
ever, the effiaSrtc^^ ■** r 

[0235] V\foVh^ 

the same. Howler. iBie (c6gguldtec!) 4 partiae si^es of liberated silica in the form of coagulation of sample (4) were larger 
so than those of sample (3). The efficiency of secondary transfer to the rough paper realized by sample (4) was higher than 
that of sampie (3j:Thatis, if liberated silica was substantially the same, the efficiency of the secondary transfer was 
improved as the particle sizes of liberated silica (in the form of coagulation) was enlarged. - 

[0236] A sea>nd embodiment of toner T according to the sixth aspect of the present invention is constituted such that 
the volume-based mean particle size of liberated silica (SiO^ which is not allowed to adhere to the mother particles is 
55 1 .5 jim or larger. In the foregoing case, toner according to this embodiment has the constitution that when the volume- 
based mean particle size of liberated silica (SiCy is expressed with cubic-root voltage, the value is 1 .5 V or higher. 
[0237] The toner constituted as described above and according to this embodiment is brought to a state in which 
coagulated external additives among the liberated external additives are enlarged. As a result coagulated external 
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additives exist between the OPC 602 and silica-covered toner similarly to the above-mentioned embodiment Therefore, 
the areas of contact between the silica-covered toner and the OPC 602 is furthermore reduced. Moreover, the dis- 
tances from the OPC 602 to silica-covered toner are elongated, causing image-force to be weakened. Therefore, the 
liberated external additives furthermore effectively serve as the lubricant. 
5 [0238] Therefore, the characteristic for separating the toner image can be improved when transfer is performed sim- 
ilarly to the foregoing embodiment. Thus, the efficiency of transfer can be improved. Moreover, occurrence of uneven- 
ness in the color owning to missing of an intermediate portion can reliably be prevented regardless of the type of the 
transfer member 612. 

[0239] If toner according to this embodiment is brought to a state in which silica-covered toner which has deteriorated 
io owning to use for a long time and which comprises silica separated from the mother particles by the stirring member or 
the like in the development unit, liberated silica exists. Therefore, supplement of silica to the mother particles from which 
silica has been separated can effectively be performed. Therefore, an efficient transfer characteristic can be maintained 
for a long time. Thus, stable color development can be realized. 

15 Example 3 

[0240] Five types of toner samples (5), (6), (7), (8) and (9) shown in Table 6 were used to perform image forming tests 
by operating the color printer 601 constituted as shown in Fig. 41. Moreover, toner was analyzed by using particle ana- 
lyzer PT1000 manufactured by Yokogawa Electric Corporation. The other test conditions were the same as those 
20 according.to the foregoing embodiment 

[0241] the results of the tests are shown in Table 6 for the cases where rrujltilayer-transfer to rough paper was per- 
formed. 



Table 6 



Sample 


Amount of Added Silica 
(wt%) 


Means Volume Particle, size 
of Liberated Silica (value of 
Cumuttatiye Relative Fre- 
quency D50 Expressed with 
Cubic-Root Voltage) 


Secondary Transfer Effi- 
ciency to Rough Paper 

I* 


State of Transfer 


(5) 


2.6/0.7 


' 1.80 V ' 




excellent ' 

.... , - ■» , - .-i 


(6) 


v 2;0Xh7 


2,34 V ■ 


88% . 


good 


(7) 


' 1:6/0.7 ' ; * 




v " 86% 


#><kr 


(8) 


,*.ri±>-, 2.0/D.7 . 


:■ ..,.i..:,.r- ,1.47 V - 


. , 78% ; • 


•poor 


(9) 


, 1-5/Q.7 


1.52 V I 


83% 


fair 



40 [0242] Excellent: No color) missing owning to defective transfer was observed and satisfactory result of transfer was : r 
obtained because rx) difference frorh plain papers ■: .o*u c . - « .r*.- ,a-j-v -> 1. h ■ ^o^v;-.:. w. 

[0243] Good: :Loc^!<x>tor ^ssing owning to defective transfer was observed/ However, satisfactory results of transfer ; 
were realized;^ 1 7Wjt-m&$h\i y^^-'-^^c ^ >; ^.y^wy wit ¥^w-»fcai o^r^oJ v? as.^ 

[0244] FatovColor missing owning to defective transfer was.conspicuous; Acceptable results of transfer were, obtained. , , 

45 [0245] Fqtorc*Exc€^^ ; 
oteerved'in^lui^t^ k^rs^i j^cv: 

[0246) *: The amounts of silica shown in the table was small partide^ize external acWiti 

additives (Wt%)^The mean voltage particle si2^ of liberated silica is absolute particle sizes'/) of rjcubic-root voltage" 
which was an.index corresponding to the volume-based particle size of liberated silica which was asynchronous with 

so the mother particles of toner. , . ...->••. 

[0247] As can be understood from Table 6. when the mean volume particle size of liberated silica, that is, when the 
value of cumulative relative frequency D50 of liberated silica which is asynchronous with the mother particles of toner 
is 1 .5 or greater, an excellent efficiency of transfer to the rough paper can be realized. When transfer to the rough paper 
is performed, transfer can be performed to a state in which missing of an intermediate portion cannot be observed as 

55 a defective image at least with the unaided eyes. 

[0248] In the foregoing embodiments, the state of adhesion between the mother particles and the external additives 
of toner is analyzed by the toner analyzing method disclosed in the foregoing collection. As a matter of course, any 
toner analyzing method may be employed if the method is able to obtain the mean particle size of the equivalent particle 
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sizes of the synchronized toner particles and the mean particle size of the equivalent particle sizes of the entire toner 
particles. 

[0249] As can be understood from the foregoing description, toner according to the sixth aspect of the present inven- 
tion causes liberated silica to serve as a furthermore effective lubricant. Therefore, the separating characteristic of the 
5 toner image can be improved when transfer is performed, causing the efficiency of transfer to be improved. Therefore, 
occurrence of unevenness in color owning to missing of an intermediate portion can effectively be prevented regardless 
of the type of the transfer member including the rough paper. 

[0250] Toner and the image forming apparatus according to the sixth aspect of the present invention enables liberated 
silica to exist if silica is separated from the mother particles by the stirring member or the like in the development unit 

w owning to deterioration in silica-covered toner caused from use of toner for a long time. Therefore, supplement of silica 
to the mother particles from which silica has been separated can effectively be performed. As a result, an efficient trans- 
fer characteristic can be maintained for a long time. Hence it follows that stable color development can be realized. 
[0251] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 

15 the spirit and scope thereof. 

Claims 

1. A toner comprising: 

20 

a plurality of mother particles (12); and 

a plurality of external additive particles (13) to be attached to said mother particles (1 2), said external additive 
particles (13) including external additive particles (1 3) attached to said mother particle (1 2) and external addi- 
25 tive particles (13) liberated from said mother particles, 

wherein an inclination (particle sizes of said external additives/particle sizes o1 said mother particles) of an 
approximation straight line obtained by approximating distribution of particle sizes of said ^external* additives 
with respect to the particle sizes of said mother particles (1 2) by a least-square method is not larger than 0.6. 

30 2. The ton^ ac^rdittg to claim 1. the proportion^ fr ° m 
saWmdther^ oh the number of the entire tonervpartttesv v : ^ * 

3. The toner acting f to claim 1 or 2, wherein a value dbtained by dividing < the average of the equivalent particles 
sizes ofead^en^ 

35 partide sizes of the entire external additive particles (13) is larger than 1. -*.v - - 

a plurality of mother particles (12); and wr*.*M wrfy 

40 a plurality of external additive particles (1 3) to be attached to said mother particles (12), said external additive 

p^hrcl^^13)^ii1dliSding ^#ilal additive ^)»^^(13) t attaGhQd2lo said mother particle ahd external additive^ 
particl^iiberafecl mm said ril^rpaffi^ I s m ; 5 " f««iy tf^M^aK v .-v 

wherein a value obtained by dividing the average of the equivalent particle sizes of sSidiexternal additive par - 
tides (13) attached to said mother partide with the average of the equivalent particle sizes of the entire exter- 

5. An image forming apparatus comprising: 
a toner; 

50 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

55 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 
a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step, 
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wherein said toner is a toner according to claim 1 . 

6. An image forming apparatus comprising: 

a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

a transferring unit for transferring the developed image positioned on said latent-image earner; and 

a cleaning member for cleaning residual toner left on said latent-image carrier after said transfer step, 
wherein said toner is a toner according to claim 4. 

7. A toner comprising: a plurality of mother particles (12); and a plurality of external additive particles (13) to be 
attached to said mother particles (12) and including toner particles comprising said mother particle (12) having 
attached thereto said external additive particles (13) and toner particles comprising said mother particle (12) not 
having attached thereto said external additive particles (13), 

wherein an inclination (particle sizes of said external additive particles/particle sizes of said mother particles) of an 
approximation straight line obtained by approximating distribution of particle sizes of said external additive particles 
with respect to the particle sizes of said mother particles by a least-square method is not smaller that 0*4. 

8. A toner comprising: 

a plurality 6f mother particles (1 2) • 

and a plurality of external additive particles (13) to be attached to said mother particles (12), and including 
toner particles comprising said mother particle (12) having attached thereto said external additive particles 
(13) and toner particles comprising said mother particle (12) not having attached thereto said external additive 
particles (13), 

wherein a value obtained by dividing the mean particle size of said toner particles each comprising said mother 
particle (1 2) having, attached thereto said external additive partides,(13);with the mean particle size of the 
entire toner particles is larger than 1. ,w . <v ^ = ,<■- 

9. The toner according to claim 7, wherein a percentage of the number of said toner particles each comprising said 
mother particle (12) having attached thereto said external additive particles (13) and the number of the entire toner 
particles is not lower than 60%. ■ h /M • y^Ut,r\ ^*e^; V> v?3i?sui-i l 

1 0. The toner according to claim 8; wheteiha* percentage of the number of said toner particles each; comprising said 
mother particle (12) having attached thereto said external additive particles (13) and the number of the entire 
particles in hot>lower than;60%i to ^ 4 i> ^ ^v,.- ^ ^ •;. > . , v ^ -y£, ,c ^ , , .. . 

11. The toner according to claim 7, wherein said mother particles (12) and said ^^r^additiyep 
polarities different from each other. 

12. The toner according to claim 8, wherein said mother particles (12) and said external additive particles (13) have 
polarities different from each other. 

13. The toner according to claim 11 f wherein the polarity of said mother particles (12) is positive, and the polarity of 
said external additive particles (13) is negative. 

14. The toner according to claim 12, wherein the polarity of said mother particles (12) is positive, and the polarity of 
said external additive particles (13) is negative. 

15. An image forming apparatus comprising: 
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a toner ; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

a transferring unit for transferring the developed image positioned on said lateint-image carrier; and 

a fixing unit for fixing unit for the transferred image positioned on said latent-image carrier, 
wherein said toner is a toner according to claim 7. 

1 6. An image forming apparatus comprising: 

a toner; 

a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image formed on said latent-image carrier by using 
said toner; 

a transferring unit for transferring the developed image positioned on said latent-image carrier; and 

a fixing unit for fixing the transferred image positioned on said latert-ima^e carrier, 
wherein said toner is a toner according to claim 8. 

17. A development unit comprising: 

atOTW; f; '-: I Ji'Wt J.«?\w\ .:: ;•*. --iv,? f Vj t 'Vi/SVHjn;! V ; V-^ 4 * :' '.v. 

a toner carrier for carrying said toner; 

a toner supply member for supplying toner to said toner carrier; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
on said toner carrier; ' - m ^ m ^ ; , ^ 

wherein said toner is a toner according to claim 8. 

18. The development unit according to claim 17, further comprising a bias voltage apply member disposed'between 
said toner carrier and said toner supply member and arranged to apply bias Voltage in a direction in 1 which toner is* 
moved from said toner supply member to said toner carrier owning to the difference in the potential. 

19. A development unit comprising: 

a toper; 

at6nwcam&^ ^ : iL f : i r ^ ^ : * 

a fonbr-feguiaitihg hiehti for limiting movement of toner such'that a uriiform thin layer of s^id foher is formed 
wHerelri said toner rorripfisies: 
a plurality of moth©- particles (12); 

and a plurality of external additive particles (13) to be attached to said mother particles (12), and including: 
toner particles having an external additive concentration not lower than a predetermined concentration; and 
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toner particles having an external additive concentration lower than a predetermined concentration, 
wherein said toner has a proportion of the number of said toner particles having an external additive concen- 
tration lower than a predetermined concentration based on the number of the entire toner particles of not 
higher than 30%, and 

wherein said toner-regulating member comprises a soft elastic member. 

20. The development unit according to claim 19, wherein said elastic member is a rubber or elastomer having an 
impact resilience of not lower than 1 0%. 

21. The development unit according to claim 19, wherein when said toner-regulating member is used to contact with 
said toner with the edge thereof, said soft elastic member has a rubber hardness of 60 or lower, and when said 
toner-regulating member is used to contact with said toner with the body thereof, said soft elastic member has a 
rubber hardness of 30 or lower. 

22. A toner comprising: 

a plurality of mother particles (12); and 

a plurality of external additive particles (13) to be attached to said mother particles (12), and including: 

toner particles having an external additive concentration not lower than a predetermined concentration; and 

toner particles having an external additive concentration lower than a predetermined concentration, 
wherein said toner satisfies the following relationship: , : .,.. iV ; ; 

D1/D2<2 

wherein D1 represents the average of the equivalent particle sizes of the entire toner particles and D2 repre- 
sents the average of the equivalent particle sizes of said toner particles having an external additive concentra- 
tion lower than a predetermined concentration. 

23. A development unit comprising: 

a toner; 

a toner carrier for carrying said toner; and 

a toner-regulating member for limiting movement of toner such that a uniform thin layer of said toner is formed 
wherein jsaid?toneri$ a toner ac(^^\f^\o(^sdvf\^ k >.*;..,.*.».,* : , k : 

24. A toner comprising: 

a plurality of mother particles (12); and 

a plurality of external additive particles (13) to be attached to said mother particles (12), said external additive 
particles (13) including external additive particles (13) attached to said mother particle (12) and external acjdi- 
tive particles (1 3) liberated from said mother particles (12), 

wherein an inclination (particle, sizes of said external acMitives/jparlicle. sizes of said mc^er particles) of an 
approximation straight line obtained by approximating distribution of particle sizes of said external additives 
with respect to the particle sizes of said mother particles by a least-square method is not smaller than 0.4, and 
wherein the content of said liberated external additive particles is not lower than 1.0 wt% based on the total 
weight of said toner. 

25. A toner corrprising: 

a plurality of mother particles (12); and 
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a plurality of external additive particles (13) to be attached to said mother particles (12), said external additive 
particles (13) including external additive particles (13) attached to said mother particle (12) and external addi- 
tive particles (13) liberated from said mother particles (12), 

wherein said liberated external additive particles have a volume-based mean particle size of not smaller than 
1.5 urn. 

26. The toner according to claim 25, wherein said liberated external additive particles have a cumulative relative fre- 
quency value D50 of not lower than 1.5 V in cases where the volume-based particle size of said liberated external 
additive particles is expressed with cubic-root voltage. 

27. An image forming apparatus comprising: 



a latent-image carrier on which an electrostatic latent image is formed; 

a development unit for developing the electrostatic latent image on said latent-image carrier with said toner; 



a toner; 



and 



a transfer unit for transferring said developed image on said latent-image carrier, 
wherein said toner is a toner according to claim 24. 



28. An image forming apparatus comprising: 



a toner; 



a latent-image carrier on which an electrostatic latent image is formed; 



a development unit for developing the electrostatic latent image on said latent-image carrier with said toner; 
and 



a transfer unit for transferringisaid developed image; dn said latent-image carrier, 
wherein said toner is a toner jaccording to claim 25. "; 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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FIG. W 
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FIG. 17 
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(54) Toner and development unit and image forming apparatus iisirtg the same 



(57) A toner comprising: a plurality of mother parti- 
cles 12; and a plurality of external additive particles 13 
to be attached to the mother particles 12, the external 
additive particles 13 including external additive particles 
13 attached: to the mother particle 12 and external addi- 
tive particles 13 liberated from the mother particles, 
wherein an inclination (particle sizes of the external 
additives/particle sizes of the mother particles) of an 
approximation straight line obtained by approximating 
distribution of particle sizes of the external additives 
with respect to the particle sizes of the mother particles 
by a least-square method is not larger than 0.6. Also 
disclosed is an image forming apparatus using the 
toner. 



FIG. 11 




a 

LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



EP 0 977 092 A3 



J) 



Eur pean Patent PARTIAL EUROPEAN SEARCH REPORT Ration Numb* 

Office which under Rule 45 of the European Patent Convention £p gg XI 4679 

shall be considered, for the purpose* t subs quant 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 

APPLICATION (lntCL7) 


A 


19 November 1991 (1991-11-19) 
* claim 1 * 


i 
1 


G03G9/097 


A 


US 5 659 858 A (M.KUNUGI) 

19 August 1997 (1997-08-19) 

* column 5, line 11 - line 46; claim 1; 

figures 1A-1C * 


1 




A 


US 5 512 406 A (F.TAKEDA) 
39 April 1996 (1996-04-30) 
* claim 1,* v . 


1 




A 


6B 2 170 917 A (ftlCOH) 

13 August 1986 (1986-08-13) 

* claim 1 * -''-■■'■-■■■■>- 

. V' •*-.-. • > ■ .« j J 

"° . ! - Y!'* * '- ■ * 


1 


• ■ ■ ' ' ; = ; • • • 








TECHNICAL FIELDS 

S^AflrCHH>;,j ; , (inLCLr) ; * 




H-Kith -''' t • • v.- • 




G036 V ; 


INCOMPLETE SEARCH \ * v 




not ownply with the EPC Is audi an extent that a maankighri •earohbiio tha atate of tha ail cat 


to 

wot 




CWn» tevchk mooroptataly : 


, M ; : >v 

if'- ■ . \ 


k" ; • i * , - .. ■ .ri: ., 


CUdma no 1 


taarehad: . ■■■ r . •' ; " '.::»:: 






Reaaon far tha Hmftatkm of tha March: • LtfVs 


f v.- . > 




see sheet C / 







u 



THE HAGUE 



Data of ccmpfslion of tho aearch 

22 March 2009 



Vanhecke, H 



CATEGORY OF CITED DOCUMEMT8 

X : pamoulariy raJavant 9 tskmn atom 

Y : particularly (Ranter combing with an otha 

dooumant of tha aama category 
A : taormotogtoal background 
O : non-writtan draolbaure 
P : rntannadkda dooumont 



T : th«ory or prinolpla underlying tha invafltton 
E : aarihr paknt documant, but pubtehad on, or 

aftartha filing data 
0 : documant oftad In tha appHoafion 
L : documant oftad for othor raaaona 

a : meinbaf of tha aama patent family, oorraaponding 



2 



<ISDOCID: <EP 0977O92A3 I > 



EP 0 977 092 A3 



European Patent 
Office 



INCOMPLETE SEARCH 
SHEET C 



Application Numter 

EP 99 11 4679 



Claim(s) searched incompletely: 
1-3,5,7,9,11.13,15,24,27 

Reason for the limitation of the search: 

Present claims 1-3,5,7,9,11,13,15,24,27 relate to a compound/apparatus 
defined (inter alia) by reference to the following patameter: 
the inclination of an approximation straight line obtained by 
approximating distribution of particle sizes of the external additives 
with respect to the particle sizes of the mother, particles, by a fc 
least-square method. >^*<'< ".u^. 

The use of these parameters in the present context is considered to lead 
to a lack of clarity within the meaning of Article 84 EPC. It is 
impossible to compare the parameters the applicant has chosen to employ 
with what is set out in the prior art. The lack of clari;t# is such as to 
render a meaningful complete search impossible. Consec^ien^l^ ^the r slaircK 

has been restricted to: . ( " % " ' t ; " ' , J^„. ... _ e „:. 

Toners compri in H|[2$^ u^l ity; ^ \ r Z 

external additive particles, which include >airticfes^aHacm3 to the said 
mother particles and particles liberated from said mother particles. 



EP 0 977 092 A3 



European Patent Application Number 

onot EP 99 11 4679 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of filing more than ten claims 

lent I 

claims fees have 



□ Only part of the claims have been paid within the prescribed time limit The present European searoh 
report has been drawn up for the first ten claims and for those claims for which data 



been paid, namely claim(s): 



□ No claims fees have been paid within the prescribed time limit. The present European search report has 
been drawn up for the first ten claims. 



LACK OF UrilTY OF INVENTION 



The Search Division, considers that the present European patent application does not comply With the 
requirements of unity of invention and relates to several Inventions or groups of Inventions, namely: 



see sheet B 

r~l AB further search fees have been paid within the fixed time Hmlt The present European search report has 
1 — * been drawn up for ail claims. 

□ As ail searchable claims could be searched without effort justifying an additional fee, me Searoh Division 
dd not invite payment of any additional fee. 

□ Only part of the further search fees have been paid within the fixed time limit The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
Inventions in respect of which searoh fees have been paid, namely claims: 



None of the further search fees have been paid within the fixed time limit The present European search 
i— » report has been drawn up for those parts of the European patent application which relate to the invention 
first mentioned in the claims, namely claims: 

1-3,5,7,9,11,13,15,24,27 



4 



EPO 977 092 A3 



J 



Europe Patent LACK OF UNITY OF INVENTION 

Office SHEET B Ep 99 11 4679 



The 8earchDlvl*ion consider* that the preterit European patent appOoatl ndoee not comply wWi the 
requirements of unity of Invention and relate* to eeveral Invention* or group* of Invention*, namely: 

1. Claims: 1-3,5,7,9,11,13,15,24,27 
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mother particles, by a least-square method. 
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